DESCRIPTION 



POWER STEERING DEVICE AND METHOD OE CONTROLLING THE 
POWER STEERING DEVICE 
TECHNICAL FIELD 

,0001] The present invention relates to a power steering 
device (a power steering system) enabling steering assist 
forc s application by operating a hydraulic power cylinder 
responsively to tbe magnitude of steering torgue, which 

torgue is output from a steering mechanism of an automotive 
vehicle, and specifically to a control method of the power 

steering system. 

BACKGROUND ART 

,0002] A power steering system disclosed in the following 
patent publication designated by "Document I- is generally 
known as this type of power steering system. 
,0003] The power steering system disclosed in this document 
is comprised of a steering shaft mounting thereon a steerxng 
wheel, an output shaft linked to the lower end of the 
steering shaft, a rack-and-pinion mechanism installed on the 
lower end of the output shaft for steering of steered road 
wheels, a hydraulic power cylinder linked to the rack of the 
rack-and-pinion mechanism, and a reversible pump provided to 
selectively supplying working fluid into the first hydraulic 
, chamber arranged as the left-hand half of the power cylinder 
or into the second hydraulic chamber arranged as the rrght- 
hand half of the power cylinder. The first hydraulic 
chamber is connected via a first fluid passage to the pump 
outlet, whereas the second hydraulic chamber is connected 
0 via a second fluid passage to the pump outlet. Also 
provided is an electromagnetic valve disposed in a 
communication passage interconnecting the first and second 
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Mr valve At the same time, working 
into the electromagnetic valve. a 

£luld is selectively supplied into either one of the first 
Z se ona hydraulic chamhers h y way of normal rotation or 
Teverse rotation of the reversible pump for the purpose of 

wnen uu „„-„,. the communication 

power-steering-system failure occurs, the 

passage is opened by the electromagnetic valve such that the 
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each other via the communication passage opened. 
0 enabling manual steering. 
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||T - rTn „ m . o„ T«K mVENTIOH 
n..« SOLVED BV 1-H E INVENTION 
25 Tu^nlh7^we7Tt^rI7g system disclosed in the 

previously-described panose document, the system can be 
Lfted to the manual steering mode in presence of a syste 
failure for example, in presence of a reversible-pump 

r a positive steering assist cannot he made 
failure, however, a positiv 
30 du ring the manual steering mode. This means a larg 
magnitude of steering force to be produced hy dr 

TO avoid this, an auxiliary steering-assist source 
ro ay he further added to the hydraulic power steering system. 



For instance, toroue produced by an electric motor 
constructs a part of tbe steerin, mecbanism. may be used 
as . stearin, assist force. More concrete!,, torone 
pro duced by tne motor can be applied directly to tbe 
s teerin 9 sbaft by m ecbanically lin*in 9 a g ear mecbanrsm 

'2* L — " ~ ^ Sha£t " ^ m0t ° r ' 
^"Twe^ in case of tbe auxiliary steerin g -assist 

tbod as prev ousiy discussed. durin 9 rotation of tbe motor. 
: a l resistance of worfcin g fluid in tbe bydrauiic 
iru f tbe bydrauiic power cylinder o t tbe .ailed power 
eerin. system acts as an undesirable --^stance to 
station of tbe motor. Tbis leads to a problem of 
insufficient steerin g assist force. 
M ^MS TO SO T.VE THE TASK 

7^7^— 7Z e» of tbe previously-descrrbed 

1 cal tasK of tbe prior art, tbe present invention as 
TefLd in claim 1 is cbaracterised by a power steers 
" tern comprise a bydrauiic power cylinder tbat assrsts a 
0 ^in g force of a stee l — = ^ ~ 

to first and second hydraulic chambers of the 
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25 associated witb tbe respective bydrauiic cbambers. and 
el ectric motor drivin. tbe reversible pump rn a normal- 
rotational direction or in a reverse-rotational drrectron. 
" ri M state detection means tbat detects a drrver s 
I I III Itate. . control unit tbat outputs a comma nd si g nal 
30 to tbe motor responsively to tbe drivers ■«•»»« "7 
d etected by tbe steering- state detection means, and a 
hy draulic pressure supply means selectively supplymg 
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hydraulic pressure to either one of the first and second 
hydraulic chafers of the hydraulic power cylinder. 

1000.1 The invention as defined in claim 2 is charactered 
b y a failure detection means, which is provided to detect a 

failure in the first hydraulic pressure supply means. 

,0009, The invention as defined in claim 13 is directed to a 

control method of the power steering system, and 

• „ <n that when a failure in the first hydraulic 

charactered in that. ^ means , 

pressure supply means is detected by 

th e control unit initiates an operative step of the second 
hydraulic pressure supply means so that the second hydraulic 
pressure supply means comes into operation. 
,0010, According to the invention as defined in claim 1, 
when the first hydraulic pressure supply means becomes 
Tiled it is possible to positively apply a steering assist 
£orc e by means of the second hydraulic pressure supply means . 
Th is contributes to a reduction in operating physical force 
to be applied to a steering wheel by the driver. 
,0011, Additionally, in a similar manner to the first 
20 hydraulic pressure supply means, as a medium of pressure 

transmission the second hydraulic pressure supply means uses 
wording fluid supplied into the first and second fluid 
passages and the hydraulic power cylinder, rather than 
electric power source. Thus, even in case of the use of 
25 hydraulic pressure source (e.g.. an oil pump, having a 
comparatively small discharge capacity, it is possible 
provide an adequate steering assist force. 

,0012, According to the invention as defined in claim 2, it 
is possible to detect a failure in the first hydraulic 
30 pressure supply means by virtue of the failure detection 
means. This enables smooth switching control of pressure 
su pply means from the first to second hydraulic pressure 
supply means . 



[0013] According to the invention as defined in claim 13, it 
is possible to provide the same operation and effects as the 
invention as defined in claim 1. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] [Figure 1] Fig. 1 is a schematic system diagram 
showing a power steering system of the first embodiment, 
made according to the invention. 

[Figure 2] Fig. 2 is a block diagram showing a 
control action achieved by a control unit incorporated in 
the system of the first embodiment. 

[Figure 3] Fig. 3 is a basic control flow chart 
executed within the control unit. 

[Figure 4] Fig. 4 is a control flow chart concerning 

the first stage. 

[Figure 5] Fig. 5 is a control flow chart concerning 

the second stage. 

[Figure 6] Fig. 6 is a control flow chart concernxng 

the third stage. 

[Figure 7] Fig. 7 is a control flow chart concernxng 

the fourth stage. 

[Figure 8] Fig. 8 is a control flow chart showing a 
edification of the control flow of the fourth stage. 

[Figure 9] Fig. 9 is a control flow chart concernxng 

the fifth stage. 

[Figure 10) Fig. 10 is a control flow chart showing a 
modification of the control flow of the fifth stage. 

[Figure 11) Fig. 11 is a control flow chart 
concerning the sixth stage. 

[Figure 12] Fig. 12 is a flow chart showing a system 
0 failure diagnosis based on a detected current value of 
electric current applied to each of the first and second 
electric motors incorporated in the system of the first 
embodiment . 



[Figure 13) Fig. 13 is a flow chart showing a pump- 
failure diagnosis or a pump-abnormality diagnosis, based on 
a tor g ue signal from a torgue sensor and a sensor signal 
from a current sensor. 

[Figure 14] Fig. 14 is a flow chart showing a pump- 
£ ailure diagnosis or a pump-abnormality diagnosis, based on 
an electric-motor speed. 

[Figure 15] Fig. 15 is a schematic system diagram 
showing a power steering system of the second embodiment. 
[Figure 16] Fig. 16 is a control flow chart 

^ fifth stage of the control program applicable 
concerning the fittn swye 

to the second embodiment. 

[Figure 17] Fig. 17 is a schematic system diagram 
showing a power steering system of the third embodiment. 

[Figure 18] Fig. 18 is a schematic system dragram 
showing a power steering system of the fourth embodiment. 

[Figure 19] Fig. 19 is a schematic system dragram 
showing a power steering system of the fifth embodiment. 

[Figure 201 Fig. 20 is a schematic system dragram 

„„,„ st eering system of the sixth embodiment, 
showxng a power steenuy i 

[Figure 21] Fig. 21 is a schematic system diagram 

™w« steering system of the seventh embodiment, 
showing a power steering *y 

[Figure 22] Fig. 22 is a schematic system dxagram 
showing a power steering system of the eighth embodiment. 

[Figure 23] Fig. 23 is a schematic system dragram 
showing a power steering system of the ninth embodiment 

[Figure 24] Fig. 24 is a control flow chart executed 
within the system cf the ninth embodiment. 

[Figure 25] Fig. 25 is another control flow chart 
0 executed within the system of the ninth embodiment. 

[Figure 26] Fig. 26A shows time charts concerning 
waveforms of pulse pressures respectively produced by the 
£ir st and second trochoid pumps phase- shifted from each 



other . whereas Fig. 26B is a characteristic diagram showing 
a pulse pressure produced by the hydrauiic power cylinder. 

[Figure 27] Fig. 27 is a schematic system diagram 
showing a power steering system of the tenth embodiment. 

[Figure 28] Fig. 28 is a schematic system dragram 
showing a power steering system of the eleventh embodiment. 

[Figure 29] Fig. 29 is a schematic system diagram 
showing a power steering system of the twelfth embodiment. 

[Figure 30] Fig. 20 is a schematic system diagram 
showing a power steering system of the thirteenth embodiment. 

[Figure 31] Fig. 31 is a schematic system diagram 
showing a power steering system of the fourteenth embodiment. 

[Figure 321 Fig. 32 is a control flow chart executed 
within the system of the fourteenth embodiment. 

[Figure 33] Fig. 33 is another control flow chart 
executed within the system of the fourteenth embodiment. 

[Figure 34] Fig. 34 is a schematic diagram showing a 
power steering system of the fifteenth embodiment. 

[Figure 35, Fig. 35 is a control flow chart executed 
within the system of the fifteenth embodiment. 

[Figure 36] Fig. 36 is a schematic diagram showing a 
power steering system of the sixteenth embodiment. 
rT .- „^n.rn» OF THE PREFERRED EM BODIMENTS 

[C015, Each of the embodiments of the power steering systems 
; of the present invention will be hereinafter described in 
detail in reference to the drawings. 
[0016] [FIRST EMBODIMENT] 

Fig 1 schematically shows the power steering system 
of the first embodiment. The system of the first embodiment 
0 is mainly comprised of a steering shaft 2 to which a 

steering wheel 1 is fixedly connected, a racx-and-pimon 
mechanism 4 serving as a steering mechanism (a steering gear 
mechanism, installed on an output shaft 3 linxed to a lower 



end of steering shaft 2. a hydraulic power cylinder 5 
provided to render assistance to a driver- s operating force 
applied to the steering wheel, a first hydraulic pressure 
supply mechanism 8 serving as the first hydraulic pressure 
supply means for selectively supplying working fluid 
pressure to hydraulic power cylinder 5 via either one of 
first and second fluid passages 6 and 7 . a second hydraulic 
pressure supply mechanism 11 arranged parallel to first 
hydraulic pressure supply mechanism 8 and serving as the 
second hydraulic pressure supply rceans for selectively 
supplying working fluid pressure to hydraulic power cylinder 
5 via either one of third and fourth fluid passages 9 and 10 
respectively connected to and arranged in parallel with the 
£irs t and second fluid passages 6 and 7 , a communication 
passage 12 interconnecting first and second fluid passages 6 
and 7, a fail-safe valve 13 that establishes fluid 
communication through the communication passage 12 or blocks 
£1 uid communication through the cosununication passage, and . 
control unit 14 that controls operation of each of first and 
second hydraulic pressure supply mechanisms 8 and 11, and 
fail-safe valve 13. 

[00171 in the previously-noted hydraulic power cylinder 5. a 
piston rod 16. mechanically linked to a rack 4a of rack-and- 
pinion mechanism 4. is provided in a manner so as to 
; penetrate the interior space of a tubular cylinder 15. whxch 
extends in a cross direction of the vehicle body. A piston 
l7 . which is slidable in tubular cylinder 15. is fixedly 
connected to piston rod 16. The interior space of tubular 
cyiinder 15 is divided into first and second hydraulic 
0 pressure chambers 15a and 15b by piston 17 . 

[0018) First and second fluid passages 6 and 7 are connected 
at first ends to respective inlet-and-outlet ports of a 
first trochoid pump 23 (serving as a reversible pump 



described later) included in first hydraulic pressure supply 
onanism 8. The second end o£ first fluid passage 6 rs 
ccnnected to first hydraulic pressure chafer 15a. whereas 
Che second end of second fluid passage 7 is connected to 
second hydraulic pressure chafer 15b. A check-valve type 
inlet valve 19a. through which working fluid is inducted 
from a reservoir tank 18 into first fluid passage 6. is 
connected to the first end of the first fluid passage, 
whereas a check-valve type inlet valve 19b. through which 
working fluid is inducted fro, reservoir tank 18 into second 
flui d passage 7. is connected to the first end of the second 
fluid passage. Inlet valves 19a and 19b are basically 
designed to compensate for a lack in working fluid to be 
supplied to each of hydraulic pressure chambers 15a and 
by inducting supplementary working fluid from the low- 
pressure side reservoir tank 18 arranged in the opposite 
side of the high-pressure side reservoir tank connected to a 
high-pressure side of first and second fluid passages 6 and 
7 into which working fluid is discharged. 
[0019] Third and fourth fluid passages 9 and 10 are 
connected at first ends to respective inlet-and-outlet ports 
of a second trochoid pump 25 (serving as a reversible pump 
described later, included in second hydraulic pressure 
supply mechanism 11. The second end of third fluid passage 
; 9 is connected via a first fluid-passage directional control 
valve 20 to first fluid passage 6. whereas the second end of 
fourth fluid passage 10 is connected via a second flurd- 
passage directional control valve 21 to second fluid passage 

0 '0020, additionally, a check-valve type inlet valve 22a, 

through which working fluid is inducted from reservoir tank 
18 into third fluid passage 9. is connected to the first end 
of the third fluid passage, whereas a check-valve type inlet 



-10- 



valve 22b, through which working fluid is inducted from 
reservoir tank 18 into fourth fluid passage 10. is connected 
to the first end of the fourth fluid passage. Inlet valves 
22a and 22b also have the same function as the previously- 
noted inlet valves 19a and 19b. 

[0021] Furthermore, the line lengths and line diameters of 
first and third fluid passages 6 and 9 are set, so that a 
pulsation of hydraulic pressure produced by first trochoid 
pump 23 and a pulsation of hydraulic pressure produced by 
second trochoid pump 25 cancel out each other. The line 
lengths and line diameters of second and fourth fluid 
passages 7 and 10 are set, so that a pulsation of hydraulic 
pressure produced by the first trochoid pump and a pulsation 

of hydraulic pressure produced by the second trochoid pump 

cancel out each other. 

(0022, The previously-noted first hydraulic pressure supply 
mechanism B is comprised of first reversible trochoid pump 
23 and a first electric motor 24 serving as an electromotor, 
which drives first trochoid pump 23. 

[0023] on the other hand, the previously-noted second 
hydraulic pressure supply mechanism 11 is comprised of 
second reversible trochoid pump 25 and a second electric 
motor 26 serving as an electromotor, which drives second 
trochoid pump 25. A discharge capacity of second trochoid 
, pump 25 is set to be less than that of first trochoid pump 

2 [0024] For pumping action, each of first and second electric 
motors 24 and 26 can be driven in the normal -rotational 
direction or in the reverse-rotational direction in response 
0 to a command signal or a driving signal output from control 

unit 14. By virtue of the pumping action, for instance. 

working fluid in first hydraulic pressure chamber 15a is 



supplied into second hydraulic pressure chamber 15b, thus 
enabling steering assist force application. 
[0025] First fluid-passage directional control valve 20 
includes a one-way first check valve 20a disposed 
substantially in a middle of first fluid passage 6 for 
permitting free flow of working fluid selectively discharged 
from either one of the two ports of first trochoid pump 23. 
namely the first port, in a single direction that working 
fluid is introduced into first hydraulic pressure chamber 
15a a first differential pressure valve 29 disposed between 
the second end of third fluid passage 9 and each of branch 
lines 27a and 27b respectively connected to both ends of 
first check valve 20a, that is, upstream and downstream 
sides of the first check valve, and a check valve 31a 
provided in the opposite side of first differential pressure 
valve 29 of branch lines 27a and 27b for preventing any flow 
in the direction of introduction of working fluid into first 
hydraulic pressure chamber 15a. Likewise, second fluid- 
passage directional control valve 21 includes a one-way 
second valve 20b disposed substantially in a middle of 
second fluid passage 7 for permitting free flow of working 
fluid selectively discharged from either one of the ports of 
first trochoid pump 23, namely the second port, in a single 
direction that working fluid is introduced into second 
hydraulic pressure chamber 15b. a second differential 
pressure valve 30 disposed between the second end of fourth 
fluid passage 10 and each of branch lines 28a and 28b 
respectively connected to both ends of second check valve 
20b that is, upstream and downstream sides of the second 
, check valve, and a check valve 31b provided in the opposite 
side of second differential pressure valve 30 of branch 
lines 28a and 28b for preventing any flow in the direction 
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o£ introduction of working fluid into second hydraulic 
pressure chamber 15b. 

[0026] First differential pressure valve 29 is comprised of 
a valve element 29a provided to open or close third fluid 
passage 9 via branch lines 27a and 27b by a differential 
pressure between upstream and downstream ends of first check 
valve 20a. and a spring member 29b permanently biasing valve 
element 29a in a valve-opening direction, namely, 
direction establishing of fluid communication between third 
£1 uid passage 9 and first fluid passage 6. Likewise, second 
differential pressure valve 30 is comprised of a valve 
element 20a provided to open and close fourth fluid passage 
10 via branch lines 28a and 2Bb by a differential pressure 
between upstream and downstream ends of second check valve 
20b and a spring member 3 0b permanently biasing valve 
element 30a in a valve-opening direction, namely, in a 
direction establishing of fluid communication between fourth 
fluid passage 10 and second fluid passage 7. 
[0027, Fail-safe valve 13 is comprised of a two-port two- 
position electromagnetic valve, which is designed to open or 
close communication passage 12 depending on both of a 
command signal, i.e.. an electric current generated from 
control unit 14. and a spring force of a coil spring 13a 
built in the valve housing. 
, [0028] During valve-closing operation with an electric 

current applied from control unit 14 to the electromagnetic 
valve, communication passage 12 is blocked. In contrast, in 
presence of a steering system failure, electric current 
supply is stopped and thus the communication passage is 
0 fully opened by way of the spring force of coil spring 13a. 
As a result of this, depending on a rotational direction or 
a steering direction of steering wheel 1. working fluid in 
reservoir tank 18 is selectively delivered via communication 
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passage 12 into either one o£ first and second hydraulio 
pressure chambers 15a and 15b, thereby ensuring a manual 
steering mode. 

[0029] Control unit 14 is configured to receive input 
information, that is. various sensor signals from a torque 
sensor 32. serving as a steering-state detection means that 
detects a steering torque of steering shaft 2. a vehicle 
speed sensor 33 that detects vehicle speed and generates a 
vehicle-speed indicative signal, a crank angle sensor 34 
that detects engine speed and generates an engine-speed 
indicative signal, and the like. The control unit controls 
first electric motor 24 responsively to the input 
informational data signals during a normal operating mode, 
thus rendering assistance to a driver's operating force 
applied to the steering wheel. The control unit also 
receives a switch signal from a torgue switch 35 capable of 
detecting a steering state. In other words, in order to 
detect a steering state, a sensor signal from the torgue 
sensor is substituted for a switch signal from the torgue 
switch . 

[0030] Control unit 14 includes a system- failure detecting 
circuit (simply, a failure detector) that detects a failure 
in each of first hydraulic pressure supply mechanism 8, 
second hydraulic pressure supply mechanism 11. torgue sensor 
32 and the other equipments included in the power steering 
system. The control unit is configured to execute steering 
assist control processing (described later) responsively to 
a detection signal from the failure detector. 
[0031] Hereinafter described briefly in reference to Fig. 2 
is the basic electric circuit of control unit 14 for 
controlling the first and second hydraulic pressure supply 
mechanisms 8 and 11. 



[0032] That is to say, control unit 14 is comprised of a 
computer section, a steering torque signal section, an 
electric-motor driving section, and an electric-motor and 
pump section (simply, a mo tor -and -pump section) . 
[0033] The previously-noted computer section is comprised of 
a main computer (a main central processing unit) 36 and a 
sub -computer (a sub central processing unit) 37. These CPUs 
36 and 37 are communicated with each other via a data link, 
for mutual communication of necessary information. 
[0034] The previously-noted steering torque signal section 
is comprised of torque sensor 32, and torque switch 35 that 
generates an alternate steering- torque indicative signal 
similar to a steering torque signal from torque sensor 32. 
As redundant output, torque sensor 32 generates both of a 
m ain torque signal and a sub torque signal. The main torque 
signal is output through a main signal line ML to mam 
computer 36, while the sub torque signal is output through a 
sub signal line SL to sub computer 37. 

[0035] On the other hand, the alternate steering- torque 
, indicative signal from torque switch 35 is output through a 
torque-switch line SW to both of main computer 36 and sub 
computer 37. Therefore, the steering torque signal sectxon 
is constructed by a triplet system generating three 
steering- torque indicative signals, namely the main torque 
5 signal, the sub torque signal, and the alternate steering- 
torque indicative signal. 

[0036] Within the steering- torque signal input section of 
the control unit, the signal transmitted through main sxgnal 
line ML is input into both of main computer 36 and sub 
.0 computer 37, without changing its signal multiplying factor. 
At the same time, the signal transmitted through the maxn 
signal line is multiplied by a predetermined signal 
multiplying factor via an amplifier 38, and then the 



multiplied signal is also input into main computer 36. The 
signal transmitted through sub signal line SL is input into 
sub computer 37, without changing its signal multiplying 
factor. On the other hand, the signal transmitted through 
the SW line is input into both of main computer 36 and sub 
computer 37, without changing its signal multiplying factor. 
[0037] The previously-noted electric -motor driving section 
is constructed by a duplex system, which is comprised of 
first and second electric-motor driving circuits 39 and 40, 
both configured independently of each other to receive 
respective command signals from main computer 36. 
[0038] Within the previously-noted motor- and -pump section, 
first electric-motor driving circuit 39 and first electric 
motor 24 are connected to each other via a harness, so as to 
provide a driving power source that drives first trochoid 
pump 23. in a similar manner, second electric -motor drivxng 
circuit 40 and second electric motor 26 are connected to 
each other via a harness, so as to provide a driving power 
source that drives second trochoid pump 25. 

[0039] Each of main computer 36 and sub computer 37 computes 
or arithmetically processes a current value of electric 
current needed for steering assist, based on steer ing- torque 
indicative signals (steering torque values) generated from 
both of torque sensor 32 and torque switch 35. 
[0040] As a current-value indicative command signal, main 
computer 3 6 outputs a signal corresponding to the computed 
current value to first electric-motor driving circuit 39. 
And then, a driving signal is output from the first 
electric-motor driving circuit to first electric motor 24, 
, so as to drive the first trochoid pump 23. 

[0041] During the normal operating mode, main computer 36 is 
configured to receive the steering torque signal from torque 
sensor 32 only via a signal line branched from the main 



signal line without passing through amplifier 38, for the 
previously-discussed arithmetic processing. Motor control 
for first electric motor 24 is executed based on the 
computed current value. 

[0042] On the other hand, as a current -value indicative 
command signal, sub computer 37 outputs a signal 
corresponding to the computed current value to second 
electric-motor driving circuit 40. And then, a driving 
signal is output from the second electric -motor driving 
circuit to second electric motor 26, so as to drive the 
second trochoid pump 25. 

[0043] Sub computer 37 comes into operation as an 
alternative computer only when a failure in main computer 36 
and/or a failure in first electric -motor driving circuit 39 
occurs, in such a manner as to enable application of a sub 
assist force by way of second electric motor 26. 
[0044] Hereinafter described briefly is the mechanical 
operation of the power steering system, under two conditions, 
that is, under a normal condition where first hydraulic 
pressure supply mechanism 8 is operating normally, and under 
a n abnormal condition where a failure in the first 
hydraulic pressure supply mechanism occurs. 
[0045] When steering wheel 1 is rotated during constant- 
speed driving at a given vehicle speed under a condition 
where first hydraulic pressure supply mechanism 8 is 
operating normally, first electric motor 24 is driven in the 
normal-rotational direction or in the reverse- rotational 
direction responsively to a control current (or a drive 
signal), which is generated from first electric-motor 
driving circuit 39 and whose current value is determined 
based on the computed current value processed within main 
computer 36 based on the input informational data signals 
from torque sensor 32, vehicle speed sensor 33, crank angle 



sensor 34, and torque switch 35. During rotation of the 
first electric motor in the normal -rotational direction or 
in the reverse-rotational direction, first trochoid pump 23 
is also rotated in the normal -rotational direction or in the 
reverse-rotational direction, such that hydraulic pressure 
is supplied to either one of first and second fluid passages 
6 and 7 via either one of the first and second ports of the 
first trochoid pump. 

[0 046] At this time, regarding first and second fluid- 
passage directional control valves 20 and 21, either one of 
first and second check valves 20a and 20b is selectively 
opened under hydraulic pressure. The pressure level of 
hydraulic pressure in the upstream side of the selectively 
opened one of first and second check valves 20a and 20b 
becomes higher than that of the downstream side, to create a 
differential pressure. Owing to the differential pressure, 
either one of valve elements 29a and 30a of differential 
pressure valves 29 and 30, associated with the opened check 
valve, is closed. As a result, hydraulic pressure in first 
and second fluid passages 6 and 7 is rapidly supplied to 
first hydraulic pressure chamber 15a or to second hydraulxc 
pressure chamber 15b, so that piston rod 16 is moved to the 
left or to the right via piston 17, thereby rendering 
assistance to a steering force applied to rack-and-pinion 
mechanism 4 . 

[0047] At this time, second hydraulic pressure supply 
xnechanism 11 is kept inoperative and thus conditioned in a 
stand-by state. 

[0048] in contrast, when the first electric motor 24 of 
first hydraulic pressure supply mechanism 8 becomes failed 
owing to some factors, control unit 14 stops electric 
current supply of driving current to first electric motor 24. 
Simultaneously, the control unit operates to drive second 
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trochoid pump 25, that is, second electric motor 26 in the 
normal-rotational direction or in the reverse- rotational 
direction, so that hydraulic pressure can be selectively 
supplied from either one of the ports of the second pump to 
the third fluid passage 9 or to the fourth fluid passage 10. 
[0049] At this time, the pressure level of hydraulic 
pressure in the upstream sides of first and second fluid 
passages 6 and 7 . that is, the pressure level of hydraulic 
pressure in the upstream side of each of branch lines 27a, 
27b, 28a, and 28b is relatively lower than that of the 
downstream side. In other words, the pressure level of 
hydraulic pressure in the downstream side becomes relatively 
high. Thus, valve elements 29a and 30a of differential 
pressure valves 29 and 30 are kept opened by way of the 
spring forces of spring members 2 9b and 3 0b. Thus, fluid 
communication between the downstream side of first fluid 
passage 6 and third fluid passage 9 is established, and 
fluid communication between the downstream side of second 
fluid passage 7 and fourth fluid passage 10 is established. 
As a result, working fluid (hydraulic pressure) selectively 
discharged from either one of the ports of second trochoid 
pump 25, is selectively supplied to either one of first and 
second hydraulic pressure chambers 15a and 15b. The 
supplied hydraulic pressure acts as a steering assist force. 
[0050] Part of hydraulic pressure of working fluid flown 
from third fluid passage 9 via differential pressure valve 
29 into branch line 27b, tends to push and open check valve 
31a, and thus tends to be introduced into the hydraulic 
circuit of first hydraulic pressure supply mechanism 8. 
However, with the first trochoid pump 23 kept in its stopped 
state, there is no risk of leakage of hydraulic pressure 
through first trochoid pump 23 into the' opposite hydraulic 
circuit, thus avoiding a steering assist force produced by 



second hydraulic pressure supply mechanism 11 from being 
greatly affected. 

[0051] When the first and second hydraulic pressure supply 
mechanisms 8 and 11 have been both failed, control unit 14 
stops electric current supply of driving current to each of 
the first and second electric motors. At this time, fail- 
safe valve 13 functions to establish fluid communication 
between reservoir tank 18 and communication passage 12 by 
virtue of the spring force of coil spring 13a, such that 
hydraulic pressure can be supplied from reservoir tank 18 
selectively to the first hydraulic pressure chamber 15a or 
to the second hydraulic pressure chamber 15b, thus ensuring 
manual steering. 

[0052] [BASIC CONTROL ROUTINE] 

Details of failure detection performed by the failure 
detector of control unit 14 and concrete countermeasure 
control against a system failure, such as a failure in at 
least one of equipments constructing the power steering 
system, are hereunder described in reference to the flow 
charts shown in Figs. 3-11. 

[0053] Referring now to Fig. 3. there is shown a flow chart 
regarding a general flow for failure-detection and failure- 
diagnosis on each of system equipments, executed within the 
failure detector. The control routine is repeatedly 
executed as time- triggered interrupt routines to be 
triggered every time intervals such as 1 millisecond. 
[0054] First of all, at step 1, input informational data 
signals from various sensors, namely the engine speed 
indicative signal, vehicle- speed indicative signal, the 
torque sensor signal and the like, are read. 
[0055] At step 2, a failure diagnostic process is executed 
for making a diagnosis on a failure in main computer 36 
functioning as a brain of the power steering system and a 



failure in sub computer 37 also functioning as a brain of 
the power steering system. At step 3, a check is made to 
determine whether main computer 36 and sub computer 37 are 
both failed. When it is determined that computers 36 and 37 
are both failed, the routine shifts to the first stage SI 
(described later) . Conversely when it is determined that 
the computers are operating normally, the routine advances 
to step 4. 

[0056] At step 4, a failure diagnostic process is executed 
for making a diagnosis on a failure in fail-safe valve 13 
itself, for fail-safe purposes in the case that a failure xn 
at least one of system equipments occurs. Thereafter, at 
step 5, a check is made to determine whether fail-safe valve 
13 is failed. When it is determined that the fail-safe 
valve is failed (abnormal), the routine shifts to the second 
stage S2 described later. Conversely when it is determined 
that the fail-safe valve is unfailed (normal), the routine 
proceeds to step 6. 

[0057] At step 6, a failure diagnostic process is executed 
for making a diagnosis on a failure in torque switch 35 used 
as a back-up steering torque detector. At step 7, a check 
is made to determine whether torque switch 35 is failed. 
When it is determined that the torque switch is failed 
(abnormal), the routine shifts to the third stage S3. 
Conversely when it is determined that the torque switch is 
unfailed (normal), the routine proceeds to step 8. 
[0058] At step 8, a failure diagnostic process is executed 
for making a diagnosis on a failure in torque sensor 32 used 
as an ordinary steering torque detector. At step 9. a check 
, is made to determine whether torque sensor 3 2 is failed. 
When it is determined that the torque sensor is failed 
(abnormal), the routine shifts to the fourth stage S4 . 



Conversely when it is determined that the torque sensor is 
unf ailed (normal), the routine proceeds to step 10. 
[0059] At step 10, a failure diagnostic process is executed 
for making a diagnosis on a failure in first electric-motor 
driving circuit 39. At step 11, a check is made to 
determine whether first electric -motor driving circuit 39 is 
failed. When it is determined that the first electric -motor 
driving circuit is failed, the routine shifts to the fifth 
stage S5 . Conversely when it is determined that the first 
electric-motor driving circuit is unfailed (normal) . the 
routine proceeds to step 12. 

[0060] At step 12, a failure diagnostic process is executed 
for making a diagnosis on a failure in second electric -motor 
driving circuit 40. At step 13, a check is made to 
determine whether second electric-motor driving circuit 40 
is failed. When it is determined that the second electric- 
motor driving circuit is failed, the routine shifts to the 
sixth stage S6. Conversely when it is determined that the 
second electric-motor driving circuit is normal, the routine 
proceeds to step 14. 

[0061] At step 14, a failure diagnostic process is executed 
for making a diagnosis on a failure in first electric motor 
24. At step 15, a check is made to determine whether first 
electric motor 24 is failed. When it is determined that the 
first electric motor is failed, the routine shifts to the 
fifth stage S5 . Conversely when it is determined that the 
first electric motor is normal, the routine proceeds to step 
16 . 

[0062] At step 16, a failure diagnostic process is executed 
for making a diagnosis on a failure in second electric motor 
26. At step 17, a check is made to determine whether second 
electric motor 26 is failed. When it is determined that the 
second electric motor is failed, the routine shifts to the 
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sixth stage S6 . Conversely when it is determined that the 
second electric motor is normal, the routine proceeds to 
step 18. 

[0063] At step 18. a failure diagnostic process is executed 
for making a diagnosis on a failure in first trochoid pump 

At step 19, a check is made to determine whether fxrst 
"trochoid pump 23 is failed. When it is determined that the 
first trochoid pump is failed, the routine shifts to the 
fifth stage S5 . Conversely when it is determined that the 
first trochoid pump is normal, the routine proceeds to step 

2 [0064] At step 20. a check is made to determine whether 
second trochoid pump 25 is failed. When it is determined 
that the second trochoid pump is failed, the routine shxfts 
to the sixth stage S6 . Conversely when it is determined 
that the second trochoid pump is normal, the routine 
terminates . 

[0065] Hereinafter described are concrete subroutines of the 
first to sixth stages S1-S6. 
[0066] [ 1ST STAGE SI] 

As set forth above, when a computer failure in each 
of main computer 36 and sub computer 37 takes place, a shift 
to the first stage SI occurs. As shown in Fig. 4, at step 
01 of the first stage, in order to inform the driver of a 
fault condition of each of computers 36-37, a warning lamp 
(W/L) installed on the instrument cluster panel is lighted. 
[0067] Owing to such a computer failure in each of computers 
36-37 it is impossible to normally operate each of trochoxd 
pumps 23-24. Thus, at step 02, a system cutoff process of 
the steering assist system is executed. Concretely, an 
electric current cutoff process for current supply to each 
of computers 36-37 is executed. 
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[0068] At the same time, at step 03, current supply to the 
electromagnetic valve constructing fail-safe valve 13 is cut 
off, such that the valve element is shifted to its valve 
open state by the spring force of coil spring 13a. 
[0069] As a result of this, first and second hydraulic 
pressure chambers 15a and 15b of hydraulic power cylinder 5 
become communicated with reservoir tank 18 through 
communication passage 12. This ensures manual steering. 
[0070] [2ND STAGE S2] 

Next, assuming that the previously-noted step 5 
determines that fail-safe valve 13 is failed (abnormal), the 
routine shifts to the second stage S2 . As shown in Fig. 5, 
at step 31 of the second stage, a check is made to determine 
whether fail-safe valve 13 has been failed under its valve 
open state. When the answer to step 31 is affirmative (YES) 
that is, the fail-safe valve is failed under the valve open 
state, the program returns to the first stage SI. 
Conversely when the answer to step 31 is negative (NO) , the 
subroutine proceeds to step 32. Assuming that step 32 

+ fail-safe valve 13 is failed under its valve 
determines that taii-saie vcu.vc 

closed state, and thus fluid communication with reservoir 
tank 18 is blocked, the subroutine proceeds to step 33 so as 
to inform the driver of a fault condition of the fail-safe 
valve kept closed (shutoff) . while lighting the warning lamp. 

i [0071] Next, at step 34. a check is made to determine, based 
on a count value of a timer, whether a predetermined time 
period Td. such as approximately five seconds, has expired. 
When the predetermined time period has not yet expired, the 
subroutine proceeds to step 35 where the predetermined trme 

0 period Td is incremented by "1". because fail-safe valve 13 
is conditioned in the valve shntoff state. Thereafter, at 
step 36, the usual steering assist control is continuously 



executed by means of first hydraulic pressure supply 
mechanism 8. 

[0072] After this, at steps 37 through 49. the same control 
routine as steps 8 through 20 shown in the flow chart of 
3 are executed. Assuming that each of failure diagnostic 
steps 37-49 determines that a failure occurs, the subroutine 
returns to the first stage SI. 

[0073] Conversely when step 34 determines that predetermined 
time period Td has expired, the subroutine proceeds to step 
50 where a check is made to determine, based on a count 
value of a timer, if a decrement time TJ has reached a 
predetermined time (i.e., ^predetermined value). When the 
predetermined time has been reached, the subroutine proceeds 
to step 51 where decrement time TJ is reset to "0" (x.e., 
TJ-0). At step 52, predetermined time period Td is reset to 
"0" (i.e., Td=0), and thereafter the subroutine shifts to 
the first stage 81. That is, through the two steps, the 
count values of the timers are initialized to "0". 
[0074] Conversely when step 50 determines that decrement 
time TJ has not yet reached the predetermined time, the 
subroutine proceeds to step 53 where decrement time TJ xs 
incremented by "1". Thereafter, the routine proceeds to 
step 54 where a gradual assist current value zero control xs 
executed, so that assist current values for first and second 
electric motors 24 and 26 are gradually reduced from thexr 
maximum current values, and finally reduced to zero. 
Thereafter, the subroutine shifts to the first stage 81. 
[0075] [3RD STAGE S3] 

As discussed above, assuming that the previously- 
, noted step 7 determines that torque switch 35, serving as 
the back-up torque detector, is failed, the routine shifts 
to the third stage S3. As shown in Fig. 6, at step 61 of 
the third stage S3, steering assist control is continuously 
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executed by means of first hydraulic pressure supply 
.echanism 8. At step 62. in order to inform the driver of a 

fault condition of torque switch 35, the warning lamp xs 

lighted. 

[0076] Next, at step 63, a failure diagnostic process is 
executed for making a diagnosis on a failure in torque 
sensor 32. At step 64, a check is made to determine whether 
torque sensor 32 is failed (abnormal) . When it is 
determined that the torque sensor is failed, the subroutine 
shifts to the first stage SI. Conversely when it xs 
determined that the torque sensor is normal, a series of 
steps 65-76 occur. These steps 65-76 are the same 
diagnostic processes as the previously-discussed steps 10-21, 
and thus detailed description of steps 65-76 will be omitted 
because the above description thereon seems to be self- 
explanatory. 
[0077] [4TH STAGE S4] 

Furthermore, assuming that the previously-noted step 
8 determines that torque sensor 32 is failed (abnormal) , the 
, routine shifts to the fourth stage S4 . As shown in Fxg. 7, 
at step 81 of the fourth stage, a switching process of the 
steering torque detector to torque switch 35 is executed. 
At step 82, in order to inform the driver of a fault 
condition of torque sensor 32, the warning lamp is lighted. 
5 [0078] Next, at step 83. a failure diagnostic process is 
executed for making a diagnosis on a failure in first 
electric-motor driving circuit 39. At step 84, a check xs 
made to determine whether the first electric -motor drivxng 
circuit is failed. In case of the unfailed first electrxc- 
,0 motor driving circuit, the subroutine proceeds to step 85 

where a failure diagnostic process is executed for makxng a 
diagnosis on a failure in first electric motor 24. At step 
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86, a check is made to determine whether the first electric 
motor is failed. 

[0 079] When step 86 determines that the first electric motor 
is also unfailed. the subroutine proceeds to step 87 where a 
failure diagnostic process is executed for making a 
diagnosis on a failure in first trochoid pump 23. At step 
88, a check is made to determine whether first trochoid pump 
23 is failed. 

[0080] When step 88 determines that the first trochoid pump 
is also unfailed, the subroutine proceeds to step 89 where a 
check is made to determine whether decrement time TJ has 
reached the predetermined time (i.e.. ^predetermined time). 
When it is determined that decrement time TJ has not yet 
reached the predetermined time, the subroutine proceeds to 
step 90 where decrement time TJ is incremented by "1". 
Thereafter, at step 91, a gradual assist current value zero 
control is executed, so that an assist current value for 
first electric motor 24 is gradually reduced from its 
maximum current value, and finally reduced to zero (see the 
characteristic map of step 91) . 

[0081] Subsequently to the above, step 92 occurs. As can be 
seen from the equation of step 92, the predetermined time 
period Td is set to a predetermined value. In this manner, 
one cycle of the subroutine terminates. 

5 [0082] On the contrary, when the previously-noted step 89 
determines that decrement time TJ has reached the 
predetermined time, the subroutine proceeds to step 93 where 
decrement time TJ is reset to "0" (i.e., TJ-0) . Thereafter, 
the subroutine shifts to the first stage SI where valve- 

0 opening control for fail-safe valve 13 is executed to ensure 
manual steering. 

[0083] When it is determined, based on the diagnostic 
results of steps 84, 86, and 88, that either one of first 



electric-motor driving circuit 39, first electric motor 24, 
and first trochoid pump 23 is failed, step 94 is executed in 
which a switching process to second electric-motor driving 
circuit 40 is initiated. 

[0084] Next, at step 95, a failure diagnostic process is 
executed for making a diagnosis on a failure in second 
electric-motor driving circuit 40. At step 96, a check is 
made to determine whether the second electric -motor driving 
circuit is failed (abnormal) . When it is determined that 
the second electric-motor driving circuit is unfailed, the 
subroutine proceeds to step 97 where a failure diagnostic 
process is executed for making a diagnosis on a failure in 
second electric motor 26. At step 98, a check is made to 
determine whether the second electric motor is failed. 
[0085] When step 98 determines that the second electric 
motor is unfailed, the subroutine proceeds to step 99 where 
a failure diagnostic process is executed for making a 
diagnosis on a failure in second trochoid pump 25. At step 
100, a check is made to determine whether the second 
trochoid pump is failed (abnormal) . When it is determined 
that the second trochoid pump is unfailed, the subroutine 
proceeds to step 89 to repeat the previously-discussed 
routine . 

[0086] When it is determined, based on the diagnostic 
results of steps 96, 98, and 100, that either one of the 
second electric-motor driving circuit, the second electric 
motor, and the second trochoid pump is failed, the 
subroutine shifts to the first stage SI where valve -opening 
control for fail-safe valve 13 is executed to ensure manual 
steering. 

[0087] [MODIFICATION OF 4TH STAGE S4] 

Referring to Fig. 8, there is shown the modification 
of the fourth stage S4 . A modified point from the fourth 
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stage is that a switching process to second electric-motor 
driving circuit 40 is not executed even when it is 
determined, based on the diagnostic results of steps 84. 86. 
and 88. that either one of first electric-motor driving 
circuit 39. first electric motor 24. and first trochoid pnmp 
23 is failed (abnormal,, and similarly to the time when it 
is determined, based on the result of decision of step 89. 
that decrement time TJ has reached the predetermined time, 
in presence of the failure step 93 is executed to reset 
decrement time Tu to -0- and thereafter the first stage SI 
occurs to initiate valve-opening control for fail-safe valve 
13, thereby ensuring manual steering. 
[0088] [5TH STAGE S5] 

N ext. assuming that the previously-noted step 11 
determines that first electric motor 24 is failed (abnormal,, 
the routine shifts to the fifth stage 85. As shown in Fxg. 
, at step 101 of the fifth stage S5. in order to inform the 
driver of a fault condition of first electric motor 24, the 
warning lamp is lighted. 
, 10089] Thereafter, at step 102. a switching process 

(switching control, to second electric-motor driving circuit 
40 is executed. At step 103. a check is made to determine, 
hased on the count value o£ the timer, whether predetermined 
time period Td has reached the predetermined threshold value, 
5 for example, five seconds. 

[0090] When it is determined that the predetermined 
threshold value has not yet been reached, the subroutine 
proceeds to step 104 where the predetermined time period Td 
is incremented by "1". Thereafter, the subroutine proceeds 

i0 to step 105. 

10091, At step 105. a steering-assist-control continuation 
process is executed so that steering assist control is 
continuously executed by means of second hydraulic pressure 



supply mechanism 11. Thereafter, on the one hand, at step 
106 a switching process (switching control) to second 
electric-motor driving circuit 40 is executed. On the other 
hand, at step 107 a failure diagnostic process is executed 
for making a diagnosis on a failure in second electric -motor 
driving circuit 40. After step 107 or subsequent steps, a 
failure diagnosis is executed in accordance with the same 
routine as steps 12-21. 

[0092] That is, at step 108, a check is made to determine 
whether second electric-motor driving circuit 40 is failed. 
When the second electric-motor driving circuit is unfailed, 
the subroutine proceeds to step 109 where a failure 
diagnostic process is executed for making a diagnosis on a 
failure in second electric motor 26. At step 110, a check 
is made to determine whether second electric motor 26 is 
failed. When the second electric motor is unfailed, the 
subroutine proceeds to step 111 where a failure diagnostic 
process is executed for making a diagnosis on a failure in 
second trochoid pump 25. At step 112, a check is made to 
determine whether the second trochoid pump is failed. When 
the second trochoid pump is unfailed, the subroutine 
terminates . 

[0093] Assuming that each of failure diagnostic steps 108, 
110, and 112 determines that a failure occurs, the 
subroutine returns to the first stage SI where valve-opening 
control for fail-safe valve 13 is executed to ensure manual 
steering . 

[0094] On the contrary, when step 103 determines that 
predetermined time period Td becomes greater than or equal 
to the predetermined threshold value, the subroutine 
proceeds to step 113. At step 113, a check is made to 
determine, based on the count value of the timer, if 
decrement time TJ has reached the predetermined time. When 



the predetermined time has been reached, the subroutine 
proceeds to step 114 where decrement time TJ is reset to "0" 
(i.e., TJ-0). and thereafter the subroutine shifts to the 
first stage SI where valve-opening control for fail-safe 
valve 13 is executed to ensure manual steering. 
[0095] Conversely when step 113 determines that the 
predetermined time for decrement time TJ has not yet been 
reached, the subroutine proceeds to step 115 where decrement 
time TJ is incremented by "1". As can be seen from the 
characteristic map of step 116, a gradual assist current 
value zero control is executed, so that an assist current 
value for second electric motor 26 is gradually reduced from 
its maximum current value, and finally reduced to zero. 
Thereafter, the subroutine proceeds to step 117 where the 
predetermined time period Td is set to a predetermined value. 
Thereafter, the subroutine flows from step 117 to step 107. 
[0096] [MODIFICATION OF 5TH STAGE S5] 

Referring to Fig. 10, there is shown the modification 
of the fifth stage S5 . A modified point from the flow chart 
of the fifth stage shown in Fig. 9 is that a switching 
process (switching control) to second electric-motor driving 
circuit 40 is executed only through step 102, without step 
106, that is, step 106 of the subroutine shown in Fig. 9 is 
eliminated in the modification. 

[0097] A further modified point from the flow chart of the 
fifth stage is that, when step 103 determines that 
predetermined time period Td becomes greater than or equal 
to the predetermined threshold value, the subroutine jumps 
from step 103 to the first stage SI without executing 
decrement time TJ control, such that valve-opening control 
for fail-safe valve 13 is quickly executed to ensure manual 
steering. 

[0098] [ 6TH STAGE S6] 



As set forth above, the sixth stage S6 is executed 
when it is determined that each of equipments included in 
second hydraulic pressure supply mechanism 11 is failed 
(abnormal) . As shown in Fig. 11. at step 121 of the sixth 
stage, a steering-assist-control continuation process is 
temporarily executed so that steering assist control is 
continuously executed. At step 122, in order to inform the 
driver of a fault condition of second hydraulic pressure 
supply mechanism 11, the warning lamp is lighted. 
[0099] Subsequently to the above, at step 123, a failure 
diagnostic process is executed for making a diagnosis on a 
failure in first electric motor 24. At step 124. a check is 
made to determine whether motor 24 is failed. When the 
first electric motor is unfailed, the subroutine proceeds to 
step 125. 

[0100] At step 125, a failure diagnostic process is executed 
for making a diagnosis on a failure in second electric motor 
26. At step 126, a check is made to determine whether motor 
26 is failed. When it is determined that the second 
electric motor is unfailed (normal) , the subroutine proceeds 
to step 127 where a failure diagnostic process is executed 
for making a diagnosis on a failure in first trochoid pump 
23. Thereafter, at step 128, a check is made to determine 
whether first trochoid pump 23 is failed. 

[0101] When it is determined that the first trochoid pump is 
unfailed, the subroutine proceeds to step 129 where a 
failure diagnostic process is executed for making a 
diagnosis on a failure in second trochoid pump 25. At step 
13 0. a check is made to determine whether the second 
trochoid pump is failed. When the second trochoid pump is 
unfailed, the subroutine terminates. 

[0102] Assuming that each of failure diagnostic steps 124, 
126, 128 and 130 determines that a failure in each of first 



and second electric motors 24 and 26 and first and second 
trochoid pumps 23 and 25 occurs, the subroutine returns to 
the first stage SI where valve-opening control for fail-safe 
valve 13 is executed to ensure manual steering. 

[010 3] [METHOD OF FAILURE DETECTION] 

Hereunder described is a detailed method of failure 

detection performed by the failure detector, for detecting a 

failure in each of equipments containing at least torque 

sensor 32. 

[0104] As a method of detection concerning a torque- sensor 
system failure, for example a failure in torque sensor 32, 
dual torque signals, namely an unamplified steering torque 
sensor signal, whose signal value is identical to the 
steering torque signal value, and an amplified steering 
torque signal multiplied or amplified by amplifier 38 by a 
predetermined multiplying factor, are taken in main computer 
36. After analogue- to-digital (AD) conversation for each of 
these torque signals, the multiplying factors of the two 
signals are finally compensated and adjusted to become 
identical to each other. Thereafter, by way of comparison 
between the adjusted two signals, it is possible to detect 
both of a failure in the AD converter of main computer 36 
and a failure in the amplified function (amplification 
factor of amplifier 38. 

[0105] As post-processing executed after a torque sensor 
system failure has been detected, in lieu of the torque 
sensor signal, the torque switch signal transmitted through 
torque-switch line SW is utilized to temporarily execute 
back-up control, while operating first electric-motor 
driving circuit 39 or second electric -motor driving circuit 
40, and simultaneously lighting the warning lamp. 
[0106] As described previously, dual torque signals, namely 
the main torque signal and the sub torque signal, both 



generated by torque sensor 32, are taken in sub computer 37 
as redundant output. When it is determined, based on a 
comparison result of these torque signals, that there is a 
difference between the two torque signals, a torque sensor 
system failure is occurring. At this time, information 
about such a fault condition is transmitted from sub 
computer 37 to main computer 36 through main-to-sub 
intercommunication. Therefore, in lieu of the torque sensor 
signal, the torque switch signal transmitted through torque- 
switch line SW is utilized to temporarily execute back-up 
control, while operating first electric -motor driving 
circuit 39 or second electric -motor driving circuit 40, and 
simultaneously lighting the warning lamp. 

[0107] in a similar manner, regarding the torque switch 
signal transmitted through torque- switch line SW. a failure 
in the torque switch is continuously monitored or observed 
by way of comparison between the main torque signal and the 
sub torque signal. Main computer 36 and sub computer 37 are 
linked to each other by way of P-RUN connection, and the 
operating function of the main computer is monitored by sub 
computer 37 by way of example arithmetic processing. 
[0108] Failures in first and second electric-motor driving 
circuits 39 and 40, first and second electric motors 24 and 
26, and first and second trochoid pumps 23 and 25 are 
monitored by means of main computer 36 and sub computer 37. 
[0109] As a method of detection concerning a motor system 
failure by way of electric-current detection of each of 
first and second electric motors 24 and 26, as shown in Fig. 
12. through step 131, a check is made to determine if an 
electric current is applied to each of the motors at the 
current execution cycle. When it is determined that there 
is no electric-current application, the subroutine proceeds 
to step 132. At step 132. a check is made to determine 
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whether the absolute value of the detected current value is 
less than or equal to a predetermined very small current 
value (a predetermined threshold value) . When the answer to 
step 132 is negative (NO) , that is, the absolute value of 
5 the detected current value is greater than the predetermined 
current threshold value, the subroutine proceeds to step 133 
where it is determined that the electric circuit is shorted 
and conditioned in the short-circuited mode (a defect in the 
electric circuit) , and thereafter the subroutine shifts to 

10 the first stage SI. 

[0110] Conversely when the answer to step 132 is affirmative 
(YES), that is, the absolute value of the detected current 
value is less than or equal to the predetermined current 
threshold value, the subroutine proceeds to step 134 where 

15 it is determined that the electric current is normally 

controlled to zero (OFF), and then the subroutine terminates. 
[0111] On the contrary, when step 131 determines that he 
pump is energized, the subroutine proceeds to step 135 where 
a check is made to determine whether the absolute value of 

20 the detected current value is less than or equal to a 
predetermined low current value Lo . 

[0112] When the answer to step 135 is negative (NO), that is, 
it is determined that the absolute value of the detected 
current value is greater than the predetermined low current 

25 value, the subroutine proceeds to step 136 where a check is 
made to determine whether the absolute value of the detected 
current value is greater than or equal to a predetermined 
high current value Hi. When the answer to step 136 is 
negative (NO) , that is, it is determined that the absolute 

30 value of the detected current value is less than the 

predetermined high current value, the subroutine proceeds to 
step 137 where it is determined that the electric current is 
normally controlled to increase (ON) , and then the 
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subroutine terminates. Conversely when the answer to step 
136 is affirmative (YES) , that is, it is determined that the 
absolute value of the detected current value is greater than 
the predetermined high current value, the subroutine 
5 proceeds to step 138 where it is determined that the 

electric circuit is shorted and conditioned in the short- 
circuited mode (a defect in the electric circuit) , and 
thereafter the subroutine shifts to the first stage SI. 
[0113] On the contrary, when step 135 determines that the 

10 absolute value of the detected current value is less than 

predetermined low current value Lo, the subroutine proceeds 
to step 139 where it is determined that the open-circuit 
condition occurs owing to defective wiring, and thereafter 
the subroutine shifts to the fifth stage S5 . 

15 [0114] Hereinafter described is a method of pump-failure 

detection of each of first and second trochoid pumps 23 and 
25, based on sensor signals from the electric - current sensor 
and torque sensor 32. 

[0115] As shown in Fig. 13, at step 141, a check is made to 
20 determine whether an electric-current command value is 

greater than or equal to a predetermined threshold value . 
When the electric - current command value is less than the 
predetermined threshold value, it is determined that each of 
first and second trochoid pumps 23 and 25 is not jammed 
25 (that is, out of a so-called pump-lock condition) , and 
operating normally, and thus the subroutine terminates. 
Conversely when the electric - current command value is 
greater than or equal to the predetermined threshold value, 
the subroutine proceeds to step 142. 
30 [0116] At step 142, a check is made to determine whether the 
steering torque signal is greater than or equal to a 
predetermined threshold value. When the steering torque 
signal is greater than or equal to the predetermined 



threshold value, it is determined that a failure occurs. 
Thus, the subroutine proceeds to step 143 where a failure 
detection flag is set to "1". and then advances to step S144 
where a check is made to determine, based on a count value 
of a timer, whether such a fault condition continues more 
than a predetermined time period Tf . When the fault 
condition does not continue more than predetermined time 
period Tf. step 145 is executed in which predetermined time 
period Tf is updated by a sum obtained by adding "1" to the 
current count value T of the timer, and then one cycle of 
the subroutine terminates. 

[0117] On the contrary, when the fault condition continues 
mo re than predetermined time period Tf , it is determined 
that there is a possibility of the pump-lock condition. 
Thus, step 146 is executed in which determination processing 
is carried out as a fault condition corresponding to the 
pump- lock mode. 

[0118] Subsequently to the above, step 147 is executed in 
which predetermined time period Tf is reset to "0". 
Thereafter, at step 148, the failure detection flag is reset 
to "0". and then the subroutine shifts to the fifth stage 85. 
[0119] On the contrary, when step 142 determines that the 
steering torque signal is less than the predetermined 
threshold value, step 149 is executed in which the failure 
detection flag is reset to "0", and at the next step 150 
predetermined time period Tf is reset or initialized to "0". 

in this manner, one execution cycle of the subroutine 

terminates . 

[0120] As a method of pump failure detection for the pumps, 
, based on respective motor speeds of first and second 
electric motors 24 and 26, as shown in Fig. 14, the 
subroutine begins at step 151 where a check is made to 
determine whether a motor speed value of each of the motors 



is less than a predetermined motor speed value. When the 
answer to step 151 is negative (NO), that is, the motor 
speed is greater than or equal to the predetermined speed 
value it is determined that each of the motors is operating 
normally, and thus the subroutine terminates. Conversely 
when it is determined that the motor speed value is less 
than the predetermined speed value, step 152 is entered in 
which a check is made to determine whether the steering 
torque signal from torque sensor 32 is greater than or equal 
to a predetermined threshold value. 

[0 121] When it is determined that the steering torque signal 
is greater than or equal to the predetermined threshold 
value, step 153 is entered in which a failure detection flag 
is set to "1", and then step 154 is entered in which a check 
is made to determine, based on a count value of a timer, 
whether such a fault condition continues more than a 
predetermined time period Tf . When the fault condition does 
not continue more than predetermined time period Tf . step 
155 is executed in which predetermined time period Tf is 
updated by a sum obtained by adding "1" to the current count 
value T of the timer, and then one execution cycle of the 
subroutine terminates. On the contrary, when the fault 
condition continues more than predetermined time period Tf , 
it is determined that a fault condition certainly occurs. 
Thus, step 156 is entered in which determination processing 
is carried out as a fault condition corresponding to the 
pump-lock mode. Then, step 157 is executed in which 
predetermined time period Tf is reset to "0". 
[0123] Subsequently to the above, at step 158, the failure 
, detection flag is reset to -0-. and then the subroutine 
shifts to the fifth stage S5 . 

[0124] On the contrary, when step 152 determines that the 
steering torque signal is not greater than the predetermined 



threshold value, step 159 is entered in which the failure 
detection flag is reset to "0", because of no pump failure. 
Then at step 160. predetermined time period Tf is reset or 
initialized to -0-. In this manner, one execution cycle of 
the subroutine terminates. 

[0125] As discussed above, according to the first embodiment, 
when first hydraulic pressure supply mechanism 8 is failed 
and malfunctions, a steering assist force can be positively 
applied by way of switching to second hydraulic pressure 
supply mechanism 11. Thus, it is possible to reduce the 
magnitude of necessary operating physical force to be 
applied to steering wheel 1 by the driver. 

[0 126] Additionally, in a similar manner to the construction 
of first hydraulic pressure supply mechanism 8 , as a medxum 
of pressure transmission, second hydraulic pressure supply 
mechanism 11 also uses working fluid supplied into first and 
second fluid passages 6 and 7 and hydraulic power cylinder 5, 
rather than electric power source. Thus, even in case of 
the use of a hydraulic pressure source (e.g., an oil pump) 
having a comparatively small discharge capacity, it is 
possible to provide an adequate steering assist force. 
[0127] Furthermore, in the first embodiment, it is possible 
to detect a failure in first hydraulic pressure supply 
mechanism 8 by virtue of the failure detector of control 
unit 14. This enables smooth switching control to second 
hydraulic pressure supply mechanism 11. 

[0128] The pump capacity of second hydraulic pressure supply 
mechanism 11, that is, design capacities of second electric 
motor 26 and second trochoid pump 25, is set to be less than 
that of first hydraulic pressure supply mechanism 8, that is 
design capacities of first electric motor 24 and first 
trochoid pump 23. Thus, the system can be downsized, thus 
ensuring reduced and suppressed production costs. 



[0129] Moreover, first and second hydraulic pressure supply 
m echanisms 8 and 11 are laid out in parallel with each other 
with respect to hydraulic power cylinder 5. This 
contributes to the reduced design capacity o£ each of first 
and second trochoid pumps 23 and 25 and first and second 
electric motors 24 and 26, thus reducing inertia of each of 
first and second electric motors 24 and 26. 

[0130] Additionally, first and third fluid passages 6 and 9 
are joined each other upstream of hydraulic power cylinder 5. 
and also second and fourth fluid passages 7 and 10 are 
joined each other upstream of the hydraulic power cylinder, 
in addition, the line lengths and line diameters of the 
first and third fluid passages are set. so that a pulsation 
of hydraulic pressure produced by first trochoid pump 23 and 
a pulsation of hydraulic pressure produced by second 
trochoid pump 25 cancel out each other. Likewise, the line 
lengths and line diameters of the second and fourth fluid 
passages are set, so that a pulsation of hydraulic pressure 
produced by the first trochoid pump and a pulsation of 
hydraulic pressure produced by the second trochoid pump 
cancel out each other. Therefore, it is possible to reduce 
undesirable pulsation of hydraulic pressure supplied to each 
of the first and second hydraulic pressure chambers of 
hydraulic power cylinder 5. 
[0131] [SECOND EMBODIMENT] 

Referring now to Fig. 15, there is shown the system 
of the second embodiment. The second embodiment is 
different from the first embodiment in that, in the second 
embodiment, the capacities of second electric motor 26 and 
0 second trochoid pump 25 of second hydraulic pressure supply 
onanism 11 are set to the same capacities as those of 
first hydraulic pressure supply mechanism 8. 



-40- 



[0132] Second hydraulic pressure supply mechanism 11 of the 
second embodiment is constructed in a manner so as to 
operate together with first hydraulic pressure supply 
mechanism 8 during operation as well as during a failure in 
5 the first hydraulic pressure supply mechanism. The sum of 
maximum discharge capacities of first and second hydraulic 
pressure supply mechanisms 8 and 11 of the second embodiment 
is set to be substantially identical to the maximum 
discharge capacity of first hydraulic pressure supply 

10 mechanism 8 of the first embodiment. The discharge capacity 
of each of the first and second hydraulic pressure supply 
mechanisms of the second embodiment is designed to be 
greater than that of second hydraulic pressure supply 
mechanism 11 of the first embodiment. Thus, in the system 

15 of the second embodiment it is possible to provide an 
adequate steering assist force as a back-up hydraulic 
pressure supply mechanism during the failure in first 
hydraulic pressure supply mechanism 8. 

[0133] The control method performed during a system failure, 
20 such as at least one of the steering- system equipments, 

previously described with respect to the first embodiment, 
can be applied to the second embodiment. However, in the 
system of the second embodiment, the fifth stage S5 is 
slightly modified. 
25 [0134] That is, as a control procedure initiated when 

shifting to the fifth stage occurs owing to a failure in 
first electric-motor driving circuit 39 of first hydraulic 
pressure supply mechanism 8, at step 161 shown in Fig. 16, 
in order to inform the driver of a fault condition of first 
30 electric-motor driving circuit 39, the warning lamp is 
lighted. 

[0135] Subsequently to the above, at step 162, a switching 
process (switching control) to second electric -motor driving 
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circuit 40 is executed. Furthermore, at step 163, a failure 
diagnostic process is executed for making a diagnosis on a 
failure in second electric -motor driving circuit 40. At 
step 164, a check is made to determine whether second 
5 electric-motor driving circuit 40 is failed. 

[0136] When the second electric-motor driving circuit is 
unfailed, the subroutine proceeds to step 165 where a 
failure diagnostic process is executed for making a 
diagnosis on a failure in second electric motor 26. At step 
10 166, a check is made to determine whether second electric 
motor 26 is failed. 

[0137] When the second electric motor is unfailed, the 
subroutine proceeds to step 167 where a failure diagnostic 
process is executed for making a diagnosis on a failure in 
15 second trochoid pump 25. At step 168, a check is made to 

determine whether the second trochoid pump is failed. When 
the second trochoid pump is unfailed, the subroutine 
terminates . 

[0138] Assuming that it is determined, through each of 
20 failure diagnostic steps 164, 166, and 168, that a failure 
in either one of second electric -motor driving circuit 40, 
second electric motor 26, and second trochoid pump 25 occurs, 
the subroutine returns to the first stage SI to ensure 
manual steering. 

2 5 [013 9] [THIRD EMBODIMENT] 

Referring now to Fig. 17, there is shown the system of 
the third embodiment, wherein communication passage 12 and 
fail-safe valve 13 are eliminated. 

[0140] Therefore, when first and second hydraulic pressure 

3 0 supply mechanisms 8 and 11 are both failed, it is impossible 

to provide a fail-safe valve function. This leads to the 
problem of a great driver's operating load on steering wheel 
1, but realizes greatly- reduced production costs. 
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[0141] The method of failure detection performed during a 
system failure, such as a failure in at least one of 
equipments constructing the power steering system of the 
third embodiment, is identical to that of the first 
5 embodiment. In the system of the third embodiment the fail- 
safe valve is eliminated and therefore the failure-detection 
method (the other failure-detecting stages) except the first 
stage SI is applied to the third embodiment. 
[0142] [FOURTH EMBODIMENT] 

10 Referring now to Fig. 18, there is shown the system 

of the fourth embodiment, wherein communication passage 12 
and fail-safe valve 13 are eliminated in a similar manner to 
the third embodiment. Thus, in the system of the fourth 
embodiment it is possible to realize reduced production 

15 costs. In a similar manner to the second embodiment, the 
fourth embodiment uses first and second hydraulic pressure 
supply mechanisms 8 and 11 whose capacities are set to be 
substantially identical to each other. Therefore, it is 
possible to provide a superior back-up ability even when a 

20 failure in either one of the two hydraulic pressure supply 
mechanisms occurs. 

[0143] In a similar manner to the second embodiment, in the 
system of the fourth embodiment the fail-safe valve is 
eliminated and therefore the failure-detection method (the 

25 other failure-detecting stages) except the first stage SI is 
applied to the fourth embodiment. 
[0144] [FIFTH EMBODIMENT] 

Referring now to Fig. 19, there is shown the system 
of the fifth embodiment, which is similar to the fourth 

3 0 embodiment in that the fifth embodiment uses the 

structurally similar first and second hydraulic pressure 
supply mechanisms 8 and 11 whose capacities are set to be 
substantially identical to each other. The fifth embodiment 
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is somewhat different from the fourth embodiment in that the 
previously-noted first and second fluid-passage directional 
control valves are both eliminated, and therefore the first 
end of third fluid passage 9 is connected directly to first 
5 fluid passage 6, whereas the first end of fourth fluid 

passage 10 is connected directly to second fluid passage 7. 
[0145] Therefore, assuming that first hydraulic pressure 
supply mechanism 8 is failed and then conditioned in its 
stopped state (shutdown state) , second hydraulic pressure 

10 supply mechanism 11 is continuously kept operative. This 
permits hydraulic pressure to be selectively supplied to 
either one of hydraulic pressure chambers 15a and 15b, thus 
ensuring steering assist force application. However, part 
of hydraulic pressure of working fluid discharged from 

15 second trochoid pump 25 tends to be introduced into the 
hydraulic circuit of second hydraulic pressure supply 
mechanism 11 via first and second fluid passages 6 and 7 . 
[0146] For the reasons discussed above, on the one hand, the 
magnitude of steering assist force created by second 

20 hydraulic pressure supply mechanism 11 tends to be somewhat 
lowered, but, on the other hand, owing to a fluid flow 
resistance of working fluid in the hydraulic circuit of 
first hydraulic pressure supply mechanism 8, the steering 
assist force created by the second hydraulic pressure supply 

25 mechanism can satisfactorily function as a temporary 

assistance force. In a similar manner, in case of a failure 
in second hydraulic pressure supply mechanism 11, the 
steering assist force created by the first hydraulic 
pressure supply mechanism can satisfactorily function as a 

3 0 temporary assistance force. 

[0147] The system of the fifth embodiment can be simplified 
in total construction, and thus it is possible to greatly 
reduce manufacturing costs and assembling costs. 
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[0148] In the system of the fifth embodiment, first and 
second hydraulic pressure supply mechanisms 8 and 11 are 
both operating continuously, even when either one of the two 
hydraulic pressure supply mechanisms is failed, the other 
5 hydraulic pressure supply mechanism (the unf ailed pressure 
supply mechanism) can automatically provide a steering 
assist function. 

[014 9] [SIXTH EMBODIMENT] 

Referring now to Fig. 20, there is shown the system 

10 of the sixth embodiment. In the sixth embodiment, the 

construction of first hydraulic pressure supply mechanism 8 
is identical to that of the fifth embodiment, but the 
construction of second hydraulic pressure supply mechanism 
11 is different from that of the fifth embodiment. 

15 [0150] More concretely, a four-port two-position 

electromagnetic fluid-passage directional control valve 40 
is provided between third and fourth fluid passages 9 and 10. 
Additionally, second hydraulic pressure supply mechanism 11, 
which has a smaller pump capacity than first hydraulic 

20 pressure supply mechanism 8, is provided downstream of 
electromagnetic directional control valve 40. Second 
hydraulic pressure supply mechanism 11 of the sixth 
embodiment is not constructed as a reversible type (a bi- 
directional type) . The second hydraulic pressure supply 

25 mechanism is constructed by a downsized unidirectional, 
second trochoid pump 25 and a downsized second electric 
motor 26. 

[0151] Electromagnetic directional control valve 40 is 
constructed to be operated in either one of three phases, 
30 namely a normal phase 40a wherein fluid communication 

between third and fourth fluid passages 9 and 10 is blocked, 
a first directional-control phase (a first operating 
position) wherein fluid communication between the discharge 



-45- 



side of second trochoid pump 25 and third fluid passage 9 is 
established and simultaneously fluid communication between a 
drain passage 41 connected to reservoir tank 18° and fourth 
fluid passage 10 is established, and a second directional- 
5 control phase (a second operating position) wherein fluid 
communication between the discharge side of second trochoid 
pump 25 and fourth fluid passage 10 is established and 
simultaneously fluid communication between drain passage 41 
and third fluid passage 9 is established. Selectively 

10 switching from one of the three phases to the other is 
performed by way of a command signal, i.e., an electric 
current generated from control unit 14, and spring forces of 
spring members 43a and 43b built in the valve housing. 

Furthermore, second trochoid pump 25 is disposed in 

15 an inlet passage 42 connected to reservoir tank 18. 

[0152] Moreover, the first end of third fluid passage 9 is 
connected directly to first fluid passage 6, whereas the 
first end of fourth fluid passage 10 is connected directly 
to second fluid passage 7 . 

20 [0153] In the system of the sixth embodiment, second 
hydraulic pressure supply mechanism 11 is conditioned 
normally in its inoperative state. Only when a failure in 
first hydraulic pressure supply mechanism 8 occurs, the 
second hydraulic pressure supply mechanism comes into 

25 operation in response to a control signal from control unit 
14 . 

[0154] Therefore, according to the sixth embodiment, when 
first hydraulic pressure supply mechanism 8 has been failed 
and stopped owing some factors, the operating position of 
30 electromagnetic directional control valve 40 is properly 
switched responsively to a control current generated from 
control unit 14 owing to a turning action of steering wheel 
1, such that hydraulic pressure of working fluid discharged 
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from second trochoid pump 2 5 is supplied to either one of 
third and fourth fluid passages 9-10. As a result of this, 
high-pressure working fluid is supplied selectively to 
either one of hydraulic pressure chambers 15a and 15b, thus 
5 ensuring steering assist force application. 

[0155] In particular, switching among fluid passages is 
performed by means of electromagnetic directional control 
valve 40. This enhances the control accuracy of hydraulic 
pressure supply through second hydraulic pressure supply 

10 mechanism 11. 

[015 6] [SEVENTH EMBODIMENT] 

Referring now to Fig. 21, there is shown the system 
of the seventh embodiment whose basic construction is 
similar to the sixth embodiment. The seventh embodiment is 

15 somewhat different from the sixth embodiment in that, in the 
seventh embodiment, the capacities of second trochoid pump 
25 and second electric motor 26 of second hydraulic pressure 
supply mechanism 11 are set to the same large capacities as 
those of first hydraulic pressure supply mechanism 8. 

20 [0157] Thus, the seventh embodiment can provide the same 

operation and effects as the sixth embodiment. Additionally, 
by virtue of the increased pump capacity of the second pump, 
the system of the seventh embodiment can produce a greater 
steering assist force. 

2 5 [0158] [EIGHTH EMBODIMENT] 

Referring now to Fig. 22, there is shown the system 
of the eighth embodiment, wherein first and second hydraulic 
pressure supply mechanisms 8 and 11 are arranged in series 
to each other. 

30 [0159] More concretely, first and second hydraulic pressure 
supply mechanisms 8 and 11 are arranged in series to each 
other and provided on both sides of an intermediate junction 
passage 44 intercommunicating first and second fluid 
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passages 6 and 7. Also provided is a branch passage 45 
intercommunicating the intermediate passage 44 and 
communication passage 12 through which first and second 
fluid passages 6 and 7 are communicated each other. 
5 [0160] First and second hydraulic pressure supply mechanisms 
8 and 11 of the eighth embodiment are structurally identical 
to those of the second embodiment. The first hydraulic 
pressure supply mechanism includes the reversible- type first 
trochoid pump 23 and first electric motor 24 driving the 

10 first pump in the normal - rotational direction or in the 
reverse-rotational direction. Likewise, the second 
hydraulic pressure supply mechanism includes the reversible- 
type second trochoid pump 25 and second electric motor 2 6 
driving the second pump in the normal - rotational direction 

15 or in the reverse - rotational direction. Inlet valves 19a 

and 19b, both communicating reservoir tank 18, are connected 
to respective ends (right. and left ports) of pump 23, 
whereas inlet valves 22a and 22b, both communicating 
reservoir tank 18, are connected to respective ends (right 

20 and left ports) of pump 25. 

[0161] Each of electric motors 24 and 26 is controlled by 
control unit 14. During a normal condition, only the first 
electric motor 24 included in first hydraulic pressure 
supply mechanism 8 is operated. During an abnormal 

25 condition where first hydraulic pressure supply mechanism 8 
is failed and thus stopped, the system is designed so that 
second hydraulic pressure supply mechanism 11 comes into 
operation . 

[0162] Communication passage 12 is comprised of a left-hand 
30 side communication-passage portion (a first communication- 
passage portion 12a) and a right-hand side communication- 
passage portion (a second communication-passage portion 12b) 
between which one end (a downstream end) of branch passage 
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45 is sandwiched. First and second directional control 
valves 46 and 47 are provided in the respective 
communication-passage portions 12a and 12b, for routing or 
switching hydraulic pressure (pressurized working fluid 
5 flow) introduced through branch passage 45 into 
communication passage 12 via the first or second 
communication-passage portions selectively into either one 
of first and second fluid passages 6 and 7. 

[0163] Each of first and second directional control valves 

10 46 and 47 is constructed by a two-port two-position solenoid 
valve. Each of the directional control valves can be 
selectively opened or closed in response to a control 
current from control unit 14. 

Therefore, during a normal condition second electric 

15 motor 26 is conditioned in its stopped state, and 

simultaneously second directional control valve 47 is 
conditioned in its valve closed state. Under these 
conditions, when first hydraulic pressure supply mechanism 8 
is operated owing to a turning action of steering wheel 1, 

20 high-pressure working fluid discharged from one of the two 
ports of first trochoid pump 23 is introduced via second 
fluid passage 7 directly into second hydraulic chamber 15b. 
On the other hand, high-pressure working fluid discharged 
from the other port of the first trochoid pump flows through 

25 intermediate passage 44 into branch passage 45, and then 

flows into communication passage 12. Thereafter, the high- 
pressure working fluid further flows through first 
communication-passage portion 12a and first directional 
control valve 46 held in the valve open state via first 

30 fluid passage 6 into first hydraulic chamber 15a, thereby 
ensuring steering assist force application. 
[0164] On the contrary, assuming that first hydraulic 
pressure supply mechanism 8 is failed and then conditioned 
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in its stopped state, control unit 14 operates to shift 
second directional control valve 47 to a valve open state, 
and simultaneously to shift first directional control valve 
46 to a valve closed state. Under these conditions, when 
5 second hydraulic pressure supply mechanism 11 is operated 

owing to a turning action of steering wheel 1, high-pressure 
working fluid discharged from one of the two ports of the 
second pump is supplied directly into first hydraulic 
chamber 15a. On the other hand, high-pressure working fluid 

10 discharged from the other port of the second pump is 

supplied through intermediate passage 44, branch passage 45, 
second communication-passage portion 12b, and second 
directional control valve 47 into second hydraulic chamber 
15b, thereby ensuring steering assist force application. 

15 [0165] As a modified system, during a normal condition, both 
of first and second hydraulic pressure supply mechanisms 8 
and 11 may be operated simultaneously in such a manner that 
their pump rotational directions are switched to the same 
direction. In this case, first and second directional 

20 control valves 46 and 47 are controlled to their valve 
closed states. 

[0166] With the modified system, assuming that either one of 
first and second hydraulic pressure supply mechanisms 8 and 
11 is failed and then conditioned in the stopped state, as 

25 previously described, it is possible to operate or 

effectively utilize the unfailed one of first and second 
hydraulic pressure supply mechanisms 8 and 11 by selectively 
opening or closing either one of directional control valves 
4 6 and 47 . 

3 0 [0167] [NINTH EMBODIMENT] 

Referring now to Fig. 23, there is shown the system 
of the ninth embodiment, whose system construction is 
basically similar to that of the second embodiment, wherein 
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first and second hydraulic pressure supply mechanisms 8 and 
11 are provided in the hydraulic line including first and 
second fluid passages 6 and 7 and third and fourth fluid 
passages 9 and 10, and arranged in parallel with each other. 
5 However, as a whole, the hydraulic circuits of the first and 
second hydraulic pressure supply mechanisms differ from each 
other. Additionally, the modified system executes 
synchronous control or simultaneous control that the first 
and second hydraulic pressure supply mechanisms 8 and 11 are 

10 simultaneously operated. 

[0168] An inlet passage 48 is connected to reservoir tank 18, 
and fluidly disposed or interleaved between first and second 
hydraulic pressure supply mechanisms 8 and 11 in a manner so 
as to interconnect a substantially midpoint of first fluid 

15 passage 6 and a substantially midpoint of second fluid 

passage 7 . Inlet passage 48 is comprised of a first inlet- 
passage portion located on one side with respect to 
reservoir tank 18 and a second inlet-passage portion located 
on the other side. Inlet valves 49, 49 are respectively 

20 disposed in the first and second inlet-passage portions, for 
compensating for a decrease in hydraulic pressure (a lack in 
working fluid) to be supplied to each of hydraulic pressure 
chambers 15a and 15b. 

[0169] A fail-safe valve 50, which is provided in 
25 communication passage 12, is comprised of a two-port two- 
position electromagnetic valve. When an electric current is 
applied to the fail-safe valve responsively to a command 
signal from control unit 14, the fail-safe valve is shifted 
to its valve closed state. Conversely when there is no 
30 electric current application, the fail-safe valve is 

conditioned in its valve open state. That is, a normally- 
open type fail-safe valve is used. By the use of the 
normally-open type fail-safe valve, even when a power 
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steering system failure occurs owing to some factors and 
thus electric-current supply is shut off, fluid 
communication through communication passage 12 is kept 
established. As a result, the first and second hydraulic 
5 pressure chambers 15a and 15b are communicated with each 
other, thus ensuring manual steering. 

[0170] Additionally, a first electromagnetic valve 51 is 
disposed between the outlet port of first trochoid pump 23 
and second fluid passage 7, whereas a second electromagnetic 

10 valve 52 is disposed between the outlet port of second 
trochoid pump 25 and fourth fluid passage 10. Each of 
electromagnetic valves 51 and 52 is comprised of a normally- 
open type electromagnetic valve, which is conditioned in a 
valve closed state when an electric current is applied to 

15 the valve responsively to a command signal from control unit 
14, and conditioned in a valve open state when there is no 
electric current application. 

[0171] Furthermore, a return check valve 54 is provided in a 
second communication passage 53 intercommunicating first and 

20 second fluid passages 6 and 7. 

[0172] The previously-noted return check valve 54 is 
constructed by a mechanical valve, which is operated in 
response to a differential pressure between hydraulic 
pressures in first and second fluid passages 6 and 7 . When 

25 hydraulic pressure in first fluid passage 6 becomes higher 
than that in second fluid passage 7, the return check valve 
operates responsively to a pilot pressure introduced through 
a first pilot passage 53a, such that fluid communication 
between second fluid passage 7 and reservoir tank 18 is 

30 established and additionally second hydraulic pressure 
chamber 15b is opened to the atmosphere. 

[0173] On the contrary, when hydraulic pressure in second 
fluid passage 7 becomes higher than that in first fluid 
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passage 6, the return check valve operates responsively to a 
pilot pressure introduced through a second pilot passage 53b, 
such that fluid communication between first fluid passage 6 
and reservoir tank 18 is established and additionally first 
5 hydraulic pressure chamber 15a is opened to the atmosphere. 
That is, a hydraulic pressure rise in the pressurized side 
hydraulic circuit can be promoted by quickly draining 
hydraulic pressure in the non-pressurized side hydraulic 
circuit into reservoir tank 18, thereby enhancing a steering 
10 response. 

[0174] In the same manner as the previously-described 
embodiments, in the ninth embodiment, the line lengths and 
line diameters of first and third fluid passages 6 and 9 are 
set, so that a pulsation of hydraulic pressure produced by 

15 first trochoid pump 23 and a pulsation of hydraulic pressure 
produced by second trochoid pump 25 cancel out each other. 
Likewise, the line lengths and line diameters of second and 
fourth fluid passages 7 and 10 are set, so that a pulsation 
of hydraulic pressure produced by the first trochoid pump 

20 and a pulsation of hydraulic pressure produced by the second 
trochoid pump cancel out each other. 

[0175] Additionally, as shown in Fig. 26A, pump start-up 
timings, at which first and second trochoid pumps 23 and 25 
are substantially simultaneously operated, are set so that a 

25 waveform (a phase) of pulsation of first trochoid pump 23 
and a waveform (a phase) of pulsation of second trochoid 
pump 25 are phase-shifted from each other by 180 degrees for 
active cancellation. As a result of such active 
cancellation, an amplitude of a waveform of pulsation (pulse 

30 pressure) of first trochoid pump 23 is reduced to an 
amplitude shown in Fig. 26B. 

[0176] In the same manner as the previously-described 
embodiments, when either one of first and second hydraulic 
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pressure supply mechanisms 8 and 11 becomes failed, control 
unit 14 incorporated in the ninth embodiment operates to 
stop the one hydraulic pressure supply mechanism, and 
simultaneously to execute steering assist control processing 
5 according to which steering assist force application is 
performed by operating the electric motor included in the 
other unfailed hydraulic pressure supply mechanism. 
[0177] Hereinafter described in reference to the flow chart 
shown in Fig. 24 is the assist control processing executed 

10 by control unit 14. 

[0178] First, at step 171, the latest up-to-date information, 
namely the steering torque signal from torque sensor 32, 
vehicle speed signal from vehicle speed sensor 33, and 
engine speed signal from crank angle sensor 34, is read. 

15 Thereafter, the subroutine proceeds to step 172 where fail- 
safe valve 50 is shifted to the valve closed state (ON 
state). Then, step 173 occurs. 

[0179] At step 173, a check is made to determine whether the 
engine speed signal value is not equal to "0". When the 
20 answer to this step is affirmative (YES), that is, the 
engine speed signal value is not equal to "0", the 
subroutine proceeds to step 174 . Conversely when the answer 
to this step is negative (NO) , the subroutine proceeds to 
step 178. 

25 [0180] At step 174, first and second electric motors 24 and 

26 are controlled responsively to the steering torque signal. 
[0181] At step 175, a check is made to determine whether the 
vehicle speed is greater than or equal to a predetermined 
threshold value A. When the vehicle speed is greater than 

30 or equal to the predetermined threshold value, the 

subroutine proceeds to step 176. Conversely when the 
vehicle speed is less than the predetermined threshold value, 
the subroutine returns to step 173 . 
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[0182] At step 176, second electromagnetic valve 52 is 
shifted to the valve closed state (ON state) . Thereafter, 
the subroutine proceeds to step 177 where second electric 
motor 26 is stopped, and then the current execution cycle of 
5 assist control processing terminates. 

[0183] At step 178, fail-safe valve 50 is shifted to the 
valve open state (OFF state) . Thereafter, the subroutine 
proceeds to step 179. At step 179, first and second 
electric motors 24 and 26 are both stopped, and then the 
10 current execution cycle of the normal - time-period steering 
assist control processing terminates. 

[0184] When step 175 determines that the vehicle speed is 
less than predetermined threshold value A, a series of steps 
173, 174, and 175 are repeatedly executed. That is, at step 

15 174, in order to create a desired steering assist force 

determined based on the steering torque signal, first and 
second electric motors 24 and 26 are controlled. 
[0185] On the contrary, when the vehicle speed is greater 
than or equal to predetermined threshold value A, the 

20 processor determines the current driving state corresponds 
to a high-speed driving state wherein a required steering 
assist force is small, and thus a series of steps 173, 174, 
175, 176, and 177 are repeatedly executed. That is, at step 
176 second electromagnetic valve 52 is shifted to the valve 

25 closed state, and thereafter at step 177 second electric 
motor 2 6 is stopped. 

[0186] When the engine becomes stopped, the subroutine 
proceeds from step 171, through steps 172, 173 and 178 to 
step 179. That is, at step 178 fail-safe valve 50 is 
30 shifted to the valve open state, and thereafter at step 179 
first and second electric motors 24 and 26 are stopped. 
[0187] Hereunder described in reference to the flow chart 
shown in Fig. 25 is the fail-safe control processing. The 
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f ail -safe control subroutine is repeatedly executed as time- 
triggered interrupt routines to be triggered every 
predetermined time intervals such as 10 milliseconds. 
[0188] First of all, at step 181, input information about 
5 the steering torque signal value and motor electric-current 
value is read. The subroutine proceeds to step 182 where a 
mo tor -and -pump failure diagnostic process is executed. 
Thereafter, the subroutine proceeds to step 183. 
[0189] At step 183, a check is made to determine whether 

10 first hydraulic pressure supply mechanism 8 is failed. When 
the first motor-and-pump unit is failed, the subroutine 
proceeds to step 184 where first electromagnetic valve 51 is 
energized (ON) and thus shifted to the valve closed state. 
Thereafter, step 185 occurs. 

15 [0190] At step 185, second electric motor 26 is controlled 
responsively to the steering torque signal. Then, the 
subroutine proceeds to step 186 where first electric motor 
24 is stopped. Thereafter, step 192 occurs. 
[0191] At step 187, a check is made to determine whether 

20 second hydraulic pressure supply mechanism 11 is failed. 
When the second motor-and-pump unit is failed, the 
subroutine proceeds to step 188. Conversely when the second 
motor-and-pump unit is unfailed, the subroutine proceeds to 
step 191 where the normal steering assist control processing 

25 shown in Fig. 24 is executed. 

[0192] At step 188, second electromagnetic valve 52 is 
energized (ON) and thus shifted to the valve closed state. 
Thereafter, the subroutine proceeds to step 189 where first 
electric motor 24 is controlled responsively to the steering 

30 torque signal. Then, step 190 occurs. 

[0193] At step 190, second electric motor 26 is stopped. 
Thereafter, the subroutine proceeds to step 192 where 
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inf ormation about the engine speed signal is read. Then, 
the subroutine proceeds to step 193 . 

[0194] At step 193, a check is made to determine whether the 
engine speed signal value is equal to "0". When the engine 
5 speed signal value is equal to "0", the subroutine proceeds 
to step 194 . Conversely when the engine speed signal value 
is not equal to "0", the subroutine returns to step 182. 
[0195] At step 194, fail-safe valve 50 is shifted to the 
valve open state (OFF state) . Thereafter, the subroutine 

10 proceeds to step 195 where first and second electric motors 
24 and 26 and first and second electromagnetic valves 51 and 
52 are all de-energized (OFF) , and then the current 
execution cycle of the abnormal - time-period steering assist 
control processing terminates. 

15 [0196] As appreciated from the flow chart shown in Fig. 25, 
when first and second hydraulic pressure supply mechanisms 8 
and 11 are both operating normally, the subroutine flows 
from step 181 through steps 182, 183, and 187 to step 191. 
That is, through step 191, the normal steering assist 

20 control processing is executed. 

[0197] When a failure in first hydraulic pressure supply 
mechanism 8 occurs, as can be seen from the flow chart of 
Fig. 25, the subroutine flows from step 181 through steps 
182, 183, 184, 185, 186, 192, 193, and 194 to step 195. 

25 [0198] That is, at step 184 first electromagnetic valve 51 

is energized (ON) and thus shifted to the valve closed state. 
On the one hand, at step 185, in order to create a desired 
steering assist force determined based on the steering 
torque signal, second electric motor 26 is controlled. On 

30 the other hand, at step 186 first electric motor 24 is 
stopped . 

[0199] On the contrary, when a failure in second hydraulic 
pressure supply mechanism 11 occurs, as can be seen from the 
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flow chart of Fig. 25, the subroutine flows from step 181 
through steps 182, 183, 187. 188, 189, 190, 192, 193 and 194 
to step 195. That is, at step 188 second electromagnetic 
valve 52 is energized (ON) and thus shifted to the valve 
5 closed state. On the one hand, at step 189, in order to 
create a desired steering assist force determined based on 
the steering torque signal, first electric motor 24 is 
controlled. On the other hand, at step 190 second electric 
motor 26 is stopped. 

10 [0200] Therefore, according to the ninth embodiment, when 
either one of first and second hydraulic pressure supply- 
mechanisms 8 and 11 has been failed, a driving command 
signal is continuously output to the electric motor included 
in the unfailed hydraulic pressure supply mechanism, thereby 

15 ensuring continuous steering assist force application. 

[0201] Additionally, during high-speed vehicle driving, 
wherein a required steering assist force is small, second 
electric motor 26 is controlled to the stopped state, and 
steering assist control processing is performed by operating 

20 only the first hydraulic pressure supply mechanism 8. In 
this manner, during an operating mode wherein a required 
steering assist force is small, the system utilizes only one 
pump. This contributes to reduced pulsation of hydraulic 
pressure of working fluid discharged from the pump, and 

25 reduced working electric-power consumption, that is, reduced 
battery electric -power consumption. 

[0202] Furthermore, the line lengths and line diameters of 
first and third fluid passages 6 and 9 are set to the 
specified lengths and diameters and also the line lengths 
30 and line diameters of second and fourth fluid passages 7 and 
10 are set to the specified lengths and diameters, for the 
purpose of an attenuation in pulsation of hydraulic pressure 
produced by each of first and second trochoid pumps 2 3 and 
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25. Thus, it is possible to reduce pulsation of hydraulic 
pressure supplied to each of hydraulic pressure chambers 15a 
and 15b. 

[0203] Additionally, as can be seen from Figs. 26A and 26B, 
5 a discharge timing of first trochoid pump 23 and a discharge 
timing of second trochoid pump 25 are set so that pulsations 
of the first and second pumps cancel out each other. Thus, 
it is possible to more greatly reduce pulsation of hydraulic 
pressure of working fluid discharged from the pump. 
10 [0204] Moreover, the first mo tor -and -pump of first hydraulic 
pressure supply mechanism 8 and the second motor-and-pump of 
second hydraulic pressure supply mechanism 11 are 
constructed to be identical to each other in capacity. Thus, 
it is possible to facilitate pulsation-reduction control. 

15 [0205] [TENTH EMBODIMENT] 

Referring now to Fig. 27, there is shown the system 
of the tenth embodiment whose system construction is 
basically similar to that of the ninth embodiment. The 
tenth embodiment is different from the ninth embodiment in 

20 that, in the tenth embodiment steering shaft 2 and steering 
gear mechanism 4 are not mechanically linked to each other. 
[0206] That is, steering gear mechanism 4 is actuated or 
driven by means of an electric motor (not shown) , which is 
controlled by control unit 14. On the other hand, steering 

25 wheel 1 is equipped with a steering-wheel angle sensor 55 
that detects a steering-wheel rotation angle input to the 
steering wheel by the driver. 

[0207] Steering gear mechanism 4 is equipped with a steered- 
road-wheel steer angle sensor 56 that detects a steer angle 
30 at steered road wheels. Steering-wheel angle sensor 55 and 
steered-road-wheel steer angle sensor 56 construct a 
steering- state detection means. 
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o driving command 

[0 208] Therefore, control unit 14 outputs 

\ £or first electric motor 24 ana a driving command 
Ir eco d el ectric motor ». based on the steering- 
Te ro ltil angle signal from steering-wheel angle sensor 
5 3and tne steered-road-wheel steer angle signal from 

teering wheel 1 and steering gear mechanism 4 are not 
lUlically linKed to each other, thereby enhancing the 
degree of freedom of layout. 

T0210] [ELEVENTH EMBODIMENT] 
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EMBODIMENT] ^ 
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■ .,„to that of the ninth embodiment. The 
.asically similar t ^ ninth embodiment in 

twelfth embodiment is ditterenu 
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that the pump capacity of reversible- type second trochoid 
pump 25 of second hydraulic pressure supply mechanism 11 is 
set to be less than that of reversible- type first trochoid 
pump 23 of first hydraulic pressure supply mechanism 8. 
5 [0213] Additionally, the previously-noted first and second 

fluid-passage directional control valves are both eliminated. 
Instead of using the directional control valves, a check 
valve 57a is disposed substantially in a middle of third 
fluid passage 9, whereas a check valve 57b is disposed 

10 substantially in a middle of fourth fluid passage 10. Check 
valve 57a has a one-way check-valve function that permits 
free flow of working fluid (hydraulic pressure) discharged 
from a first one of the two ports of second trochoid pump 25 
in one direction in which working fluid flows into first 

15 fluid passage 6, and prevents any flow in the opposite 
direction. Check valve 57b has a one-way check-valve 
function that permits free flow of working fluid (hydraulic 
pressure) discharged from the second port of second trochoid 
pump 25 in one direction in which working fluid flows into 

20 second fluid passage 7, and prevents any flow in the 
opposite direction. 

[0214] Furthermore, inlet valves 58a and 58b are disposed in 
respective inlet passages provided inside of check valves 
57a and 57b, for compensating for a lack in working fluid by 
25 delivering working fluid in reservoir tank 18 into the inlet 
port side of second trochoid pump 25. 

[0215] During a normal condition, by means of control unit 
14, only the first hydraulic pressure supply mechanism 8 is 
operated and additionally second hydraulic pressure supply 
30 mechanism 11 is conditioned in a stand-by state. When first 
hydraulic pressure supply mechanism 8 is failed and thus 
stopped, second hydraulic pressure supply mechanism 11 comes 



into operation, thus ensuring steering assist force 
application . 

10216] Thus, the twelfth embodiment can provide the same 
operation and effects as the ninth embodiment. In the 
. twelfth embodiment, expensive electromagnetic valves are 
eliminated, thus ensuring reduced costs. 
[0217] [THIRTEENTH EMBODIMENT] 

Referring now to Fig. 30. there is shown the system 
of the thirteenth embodiment whose system construction is 
0 basically similar to the ninth embodiment. The thirteenth 
embodiment is different from the ninth embedment in that 
second hydraulic pressure supply mechanism 11 is arranged in 
parallel with first hydraulic pressure supply mechanrsm 
through first and second sub fluid passages 59 and 60. 
5 [0218] second sub fluid passage 60 is connected directly to 
second fluid passage 7 in a manner so as to directly 
communicate second hydraulic pressure chamber 15b. on the 
other hand, first sub fluid passage 59 is connected to first 
fluid passage 6 through an electromagnetic directional 
20 control valve 61. which is disposed between the first sub 
fluid passage and first fluid passage 6. 
[0219] Electromagnetic directional control valve 61 is 
r esponsive to a control command signal from control unit 14 
to switch between first fluid passage 6 and first sub fluid 

25 passage 59. 

[0220] That is. during a normal condition, flurd 
communication between first hydraulic pressure supply 
m echanism 8 and first fluid passage 6 is established and 
simultaneously fluid communication between first sub flurd 
30 passage 59 and first fluid passage 6 is blocXed. on the 
contrary, when first hydraulic pressure supply mechanrsm 
is failed, fluid communication between first hydraulrc 
pressure supply mechanism 8 and first fluid passage 6 rs 
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blocked and simultaneously fluid communication between first 
sub fluid passage 59 and first fluid passage 6 is 
established . 

[0221] Additionally, during the normal condition, only the 
5 first hydraulic pressure supply mechanism 8 is operated and 
additionally second hydraulic pressure supply mechanism 11 
is controlled to a stand-by state. 

[0222] Thus, during the normal condition, hydraulic pressure 
of working fluid discharged from a first one of the outlet 

10 ports of first trochoid pump 23, directed to first fluid 

passage 6, is supplied through electromagnetic directional 
control valve 61 via first fluid passage 6 to first 
hydraulic pressure chamber 15a. On the other hand, 
hydraulic pressure of working fluid discharged from the 

15 second outlet port is supplied directly to second hydraulic 
pressure chamber 15b. 

[0223] When first hydraulic pressure supply mechanism 8 is 
failed, hydraulic pressure of working fluid discharged from 
a first one of the outlet ports of second trochoid pump 25 

20 is supplied through first sub fluid passage 59 and 

electromagnetic directional control valve 61, which is 
energized and switched to its energized valve position, and 
first fluid passage 6 to first hydraulic pressure chamber 
15a. On the other hand, hydraulic pressure of working fluid 

25 discharged from the second outlet port of the second pump is 
supplied through second sub fluid passage 60 and second 
fluid passage 7 directly to second hydraulic pressure 
chamber 15b. 

[0224] By way of a series of control operations as discussed 
30 above, steering assist force application can be ensured. 
[0225] [FOURTEENTH EMBODIMENT] 

Referring now to Fig. 31, there is shown the system 
of the fourteenth embodiment, whose system construction is 
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basically similar to the ninth embodiment, in particular, 
for the construction of first hydraulic pressure supply 
mechanism 8, and the constructions of inlet valves 49, 49 
disposed in inlet passage 48, and return check valve 54. 
5 The fourteenth embodiment is different from the ninth 
embodiment in that in the fourteenth embodiment second 
hydraulic pressure supply mechanism 11 is constructed by a 
hydraulic accumulator 62 in which hydraulic pressure is 
accumulated or stored. 

10 [0226] That is, accumulator 62 is connected to an 

intermediate fluid passage 63, which is connected to a 
junction of third and fourth fluid passages 9 and 10. 
Furthermore, accumulator 62 is communicated with the 
respective ports of first trochoid pump 23 via a pressure- 

15 accumulation fluid passage 64 whose both ends are 

respectively connected to first and second fluid passages 6 
and 7 . Check valves 64a and 64b, associated with respective 
outlet ports of first trochoid pump 23, are disposed in 
pressure-accumulation fluid passage 64, and being able to 

2 0 open when the discharge pressure of working fluid discharged 
from each of the outlet ports of the first trochoid pump 
exceeds a set pressure value of accumulator 62, for 
accumulating or storing surplus hydraulic pressure in 
accumulator 62 . 

25 [0227] Additionally, a first pressure-accumulation control 
valve (switching valve) 65 is disposed in third fluid 
passage 9 for opening and closing the third fluid passage, 
whereas a second pressure-accumulation control valve 
(switching valve) 66 is disposed in fourth fluid passage 10 

30 for opening and closing the fourth fluid passage. Each of 

first and second pressure-accumulation control valves 65 and 
66 is constructed by a normally-open type electromagnetic 
valve. The opening degree of each of the pressure- 
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accumulation control valves is adjusted or controlled in 
response to a control signal from control unit 14. 
[0228] With the previously-noted arrangement, when first 
hydraulic pressure supply mechanism 8 is failed and then 
5 conditioned in its stopped state, accumulator 62 operates in 
a manner so as to selectively deliver the stored high 
hydraulic pressure through first and second pressure- 
accumulation control valves 65 and 66 to either one of first 
and second hydraulic pressure chambers 15a and 15b. 

10 [0229] Moreover, an electromagnetic directional control 
valve 67 is disposed in an intermediate hydraulic-line 
section of second fluid passage 7 between pressure- 
accumulation fluid passage 64 and third fluid passage 10. 
Electromagnetic directional control valve 67 is a normally- 

15 open type. This electromagnetic valve is also responsive to 
a control signal from control unit 14, for opening and 
closing second fluid passage 7 . 

[0230] Hereinafter described in reference to the control 
flow of Fig. 32 is the power- steering- system control routine 

20 executed by control unit 14. 

[0231] First, at step 201, a check is made to determine, 
based on the method of failure detection as described 
previously, whether a failure in first hydraulic pressure 
supply mechanism 8, such as a failure in first trochoid pump 

25 23, occurs and malfunctions. When it is determined that the 
first trochoid pump is unfailed and operating normally, the 
subroutine proceeds to step 202. Hereupon, a failure in the 
first hydraulic pressure supply mechanism includes a state 
wherein first trochoid pump 23 is inoperative owing to a 

30 lack of battery charge, a failure in first electric motor 24, 
and the like. 

[0232] At step 202, first and second pressure-accumulation 
control valves 65 and 66 are controlled to their valve 
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closed states. Then, at step 203, a control command signal, 
which is determined based on the steering torque signal, is 
output to first electric motor 24, to drive first trochoid 
pump 23. As a result, either one of first and second 
5 hydraulic pressure chambers 15a and 15b is selectively 

pressurized, thereby enabling desired steering assist force 
application . 

[0233] Conversely when step 201 determines that a failure in 
the first trochoid pump occurs, the subroutine proceeds to 

10 step 204, where the warning lamp is lighted to inform the 
driver of a fault condition of the first trochoid pump. 
[0234] Subsequently to the above, at step 205, the opening 
and closing of each of first and second pressure- 
accumulation control valves 65 and 66 and the opening 

15 degrees of the same are adjusted or controlled based on the 
steering torque signal. Therefore, hydraulic pressure 
stored in accumulator 62 can be selectively supplied to 
either one of first and second hydraulic pressure chambers 
15a and 15b, thereby enabling desired steering assist force 

20 application. 

[0235] Hereinafter described in reference to the flow chart 
of Fig. 33 is the forcible pressure-accumulation control 
processing for hydraulic accumulator 62, which is executed 
only at the initial stage of the power steering system 

25 control initiated after the ignition key (ignition switch) 
has been turned ON. 

[0236] At step 211, electromagnetic directional control 
valve 67 is controlled to its valve closed state. At step 
212, high hydraulic pressure is supplied from the outlet 
30 port of first trochoid pump 23 into second fluid passage 7, 
in which electromagnetic directional control valve 67 is 
disposed. As a result, hydraulic pressure is forcibly fed 
or delivered from second fluid passage 7 via the pressure- 
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accumulation fluid passage 64 and second check valve 64b 
into accumulator 62, for forcible pressure accumulation. 
The forcible pressure accumulation control processing is 
executed continuously for a predetermined time period or 
5 until it is determined, based on a sensor value of a 

hydraulic pressure sensor generally installed on a pressure 
accumulator, that a pressure level of hydraulic pressure in 
accumulator 62 reaches a predetermined pressure value. 
[0237] Next, at step 213, a check is made to determine 

10 whether first trochoid pump 23 is failed. When the first 

trochoid pump is unfailed (normal) , the subroutine proceeds 
to step 214 where electromagnetic directional control valve 
67 is controlled to its valve open state, and whereby the 
normal - time-period steering assist control processing is 

15 ensured. 

[0238] Conversely when the first trochoid pump is failed 
(abnormal), the subroutine proceeds to step 215. At step 
215, the warning lamp is lighted to inform the driver of a 
fault condition of first trochoid pump 23 . 

20 [0239] As set forth above, the fourteenth embodiment can 
provide the same operation and effects as the ninth 
embodiment. The fourteenth embodiment uses hydraulic 
accumulator 62 as second hydraulic pressure supply mechanism 
11, thus ensuring simplified construction and reduced costs. 

25 [0240] Although hydraulic pressure in accumulator 62 tends 
to gradually reduce owing to steering assist force 
application during a pump failure, the hydraulic accumulator 
can provide an adequate steering assist force if the vehicle 
runs for a comparatively short time - . 

30 [0241] Additionally, according to the system of the 

fourteenth embodiment, it is possible to forcibly quickly 
store hydraulic pressure in accumulator 62 at the initial 
stage of the power steering system control, and 
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simul taneously to be able to easily make a diagnosis on a 
failure or abnormality in first trochoid pump 23, utilizing 
the forcible pressure-accumulating action. 

[0242] In the shown embodiment, electromagnetic directional 
5 control valve 67 is disposed in the second fluid passage 
side. In lieu thereof, the electromagnetic directional 
control valve may be disposed in only the first fluid 
passage 6 or disposed in both of the first and second fluid 
passages 6 and 7 . 

10 [0243] [FIFTEENTH EMBODIMENT] 

Referring now to Fig. 34, there is shown the system 
of the fifteenth embodiment, in particular, a cross section 
of a pump unit accommodating therein the first and second 
pumps, corresponding to trochoid pumps 2 3 and 2 5 of the 

15 previously-described embodiment. In the fifteenth 

embodiment, a pair of clutches, namely first and second 
electromagnetic clutches 68 and 69 are provided between 
first and second hydraulic pressure supply mechanisms 8 and 
11 laid out in series to each other. When either one of 

20 hydraulic pressure supply mechanisms 8 and 11 becomes failed, 
the system is designed or constructed in a manner so as to 
engage or disengage each of electromagnetic clutches 68 and 
69, in response to respective control signals from control 
unit 14 . 

25 [0244] More concretely, a trochoid pump 70, which serves as 
a reversible pump of first hydraulic pressure supply 
mechanism 8, and an external gear pump 71, which serves as a 
reversible pump of second hydraulic pressure supply 
mechanism 11, are laid out in series to each other and also 

30 located in an internal space defined inside of a side cover 
73 and three-split housing portions 72a, 72b, and 72c, 
integrally connected to each other by means of a bolt 84. 
First and second pumps 7 0 and 71 are basically supported by 
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the rxtu second electric motor 78. 

pump struoture. Trochoid pump 70 has a g eneral pump 
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30 fixedly connectea to a motor shaft (rotatron axrs, 78a of 
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[0248] Drive shaft 74 is accommodated in the internal space 
defined in the housing portions 72a-72c together with each 
of outer shafts 75-76, such that the drive shaft penetrates 
each of the housing portions. One end of the drive shaft is 
5 connected to the first electric motor, whereas the other end 
of the drive shaft is inserted into a support hole defined 
in side cover 73. First and second outer shafts 75 and 76 
are formed as a pair of cylindrical -hollow metal shafts, 
which are coaxially arranged with each other with respect to 

10 the axis of the drive shaft, and rotatably supported through 
the previously-noted four cylindrical bushings 77a-77d, 
installed on the outer peripheral surface of drive shaft 74 . 
[0249] The first end of the previously-noted motor shaft 78a 
is rotatably supported by a cylindrical bushing 7 9a 

15 installed in the third housing 72c, whereas the second end 
of the motor shaft is rotatably supported by a cylindrical 
bushing 79b installed in side cover 73. 

[0250] First electromagnetic clutch 68 is comprised of at 
least a first electromagnetic coil 80, which is provided on 

20 the outer periphery of one shaft end of outer shaft 75 

installed in the second housing portion 72b, and a wave- 
shaped spring (a wavy spring) . On the other hand, second 
electromagnetic clutch 69 is comprised of at least a second 
electromagnetic coil 81, which is located in close proximity 

25 to one side wall of first electromagnetic coil 80 and 

provided on the outer periphery of one shaft end of outer 
shaft 76 installed in the third housing portion 72c, and a 
wave- shaped spring (a wavy spring) . 

[0251] First and second electromagnetic coils 80 and 81 are 
3 0 connected to control unit 14 through wiring harnesses 82 and 
83, so that each of the electromagnetic coils is degaussed 
(de-energized) or magnetized (energized) responsively to a 
command current from the control unit. When hydraulic 
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pressure supply mechanisms 8 and 11 are both operating 
normally, first and second electromagnetic coils 80 and 81 
are energized with the result that drive shaft 74 and each 
of first and second outer shafts 75 and 76 coupled with each 
5 other. On the contrary assuming that first hydraulic 
pressure supply mechanism 8 becomes failed and stopped, 
first and second electromagnetic coils 80 and 81 are de- 
energized, with the result that drive shaft 74 and each of 
first and second outer shafts 75 and 7 6 uncoupled from each 
10 other. Additionally, in presence of the first hydraulic 

pressure supply mechanism failure, second electric motor 78 
is driven. 

[0252] Conversely when second hydraulic pressure supply 
mechanism 11 becomes failed and stopped, command- current 

15 supply to second electromagnetic coil 81 is shut off, while 
command- current supply to first electromagnetic coil 80 is 
continued. As a result, first outer shaft 75 is coupled 
with drive shaft 74 and kept in its coupled state. 
[0253] The hydraulic circuits of first and second hydraulic 

20 pressure supply mechanisms 8 and 11 of the fifteenth 

embodiment are constructed to be identical to those of first 
embodiment . 

[0254] Therefore, the system of the fifteenth embodiment can 
execute the same control program as the first embodiment by 

25 means of control unit 14, when either one of first and 
second hydraulic pressure supply mechanisms 8 and 11 is 
failed. In particular, the system of the fifteenth 
embodiment can execute the control routine shown in Fig. 35, 
by way of the use of the electromagnetic clutches. The 

30 control program executed by the system of the fifteenth 

embodiment somewhat differs from that of the fifth stage. A 
different point from the flow chart of the fifth stage S5, 
which is shown in Fig. 9 and initiated when a failure in 
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first hydraulic pressure supply mechanism 8 occurs, is that 
switching process (switching control) to second electric- 
motor driving circuit 40 is executed only through step 102, 
without step 106. That is, in the fifteenth embodiment, 
5 steps 103-106 are eliminated. 

[0255] After the switching control to second electric-motor 
driving circuit 40 has been executed, the subroutine 
proceeds to step 118 where a command- current supply shut-off 
process is made to shut off electric-current supply of 
10 command current to each of first and second electromagnetic 
clutches 68 and 69. As a result of this, trochoid pump 

(internal gear pump) 7 0 and external gear pump 71 are kept 
uncoupled from drive shaft 74 . 

[0256] Subsequently to the above, at step 107, a failure 

15 diagnostic process is executed for making a diagnosis on a 
failure in second electric-motor driving circuit 40. 
[0257] Next, at step 108, a check is made to determine 
whether second electric -motor driving circuit 40 is failed. 
When the second electric -motor driving circuit is unfailed, 

20 the subroutine proceeds to step 109 where a failure 

diagnostic process is executed for making a diagnosis on a 
failure in second electric motor 78. At step 110, a check 
is made to determine whether second electric motor 7 8 is 
failed. When the second electric motor is unfailed, the 

25 subroutine proceeds to step 111 where a failure diagnostic 
process is executed for making a diagnosis on a failure in 
external gear pump 71 (corresponding to the second trochoid 
pump of Fig. 9) . At step 112, a check is made to determine 
whether the second trochoid pump is failed. When the second 

30 trochoid pump is unfailed, the subroutine terminates. In 

this manner, it is possible to ensure steering assist force 
application by means of second hydraulic pressure supply 
mechanism 11. 
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[0258] Assuming that each of failure diagnostic steps 108, 
110, and 112 determines that a failure occurs, that is, 
second hydraulic pressure supply mechanism 11 itself has 
been failed and stopped, the subroutine shifts to the first 
5 stage SI, in order to execute valve-opening control for 
fail-safe valve 13, thus ensuring manual steering. 
[0259] On the contrary, suppose that only the second 
hydraulic pressure supply mechanism 11 is failed and stopped, 
while first hydraulic pressure supply mechanism 8 is 

10 operating normally. As discussed above, on the one hand, 

command- current supply to second electromagnetic coil 81 is 
shut off so as to uncouple external gear pump 71 from drive 
shaft 74. On the other hand, the coupled state of trochoid 
pump 7 0 and drive shaft 74 is maintained. As a result of 

15 this, it is possible to ensure steering assist force 

application by means of first hydraulic pressure supply 
mechanism 8 . 

[0260] [SIXTEENTH EMBODIMENT] 

Referring now to Fig. 36, there is shown the system 

20 of the sixteenth embodiment, in particular, a cross section 
of a pump unit accommodating therein the first and second 
pumps, corresponding to trochoid pumps 2 3 and 2 5 of the 
previously-described embodiment. In the system of the 
sixteenth embodiment, when either a failure in first 

25 hydraulic pressure supply mechanism 8 or a failure in first 
hydraulic pressure supply mechanism 11 occurs, switching 
between the two pressure supply mechanisms is performed by 
mechanical means rather than an electronic device including 
the control unit, in order to supplement a steering assist 

30 force even in presence of a failure in the first or second 
pressure supply mechanisms. The basic system construction 
of the sixteenth embodiment is similar to that of the 
fifteenth embodiment. Thus, the same reference signs used 
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to designate elements in the system of the fifteenth 
embodiment will be applied to the corresponding elements 
used in the sixteenth embodiment for the purpose of 
simplification of the disclosure. 
5 [0261] More concretely, trochoid pump 70, which serves as a 
reversible pump of first hydraulic pressure supply mechanism 
8, and external gear pump 71, which serves as a reversible 
pump of second hydraulic pressure supply mechanism 11, are 
laid out in series to each other and also located in an 
10 internal space defined inside of the first and second 

housing portions 72a and 72b. Both of pumps 70 and 71 are 
constructed to be driven by a single electric motor (not 
shown) through the common drive shaft 74 . 

[0262] Trochoid pump 70 is constructed by inner gear 70a 
15 fixedly connected onto the outer periphery of drive shaft 74, 
and ring-shaped outer gear 7 0b in meshed- engagement with the 
outer toothed portion of inner gear 70a. 

[0263] On the other hand, external gear pump 71 is comprised 
of main gear 71a, which is accommodated in the internal 

20 space defined between the second housing portion 72b and 

side cover 73 integrally connected to the front end of the 
second housing portion 72b by means of bolt 84, and fixedly 
connected to the outer periphery of the tip of drive shaft 
74 in such a manner as to be coaxially arranged with the 

25 axis of the drive shaft, and sub gear 71b, which is located 
side by side with respect to main gear 71a and rotatably 
supported by a rotatable shaft 85, and in meshed-engagement 
with main gear 71a. 

[0264] The shaft section of drive shaft 74, corresponding to 
30 the installation position of first trochoid pump 70, is 

rotatably supported by the first housing portion 72a through 
a bearing 86a, whereas the tip end of the drive shaft is 
rotatably supported by side cover 73 through a bearing 86b. 
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On the other hand, one end of rotatable shaft 85 is 
supported by side cover 73 through a bearing 87a, whereas 
the other end of the rotatable shaft is supported by the 
second housing portion 72b through a bearing 87b. 
5 [0265] A first annular torque limiter 88 is interleaved 
between drive shaft 74 and inner gear 70a, for creating a 
slippage between the two moving parts, namely drive shaft 74 
and inner gear 70a, via the first torque limiter, when an 
excessive load, grater than a specified torque value, is 

10 transmitted through them and thus an overload condition 

takes place. In a similar manner, a second annular torque 
limiter 89 is interleaved between the tip end of drive shaft 
74 and main gear 71a, for creating a slippage between the 
two moving parts, namely drive shaft 74 and main gear 71a, 

15 via the second torque limiter, when an excessive load, 

grater than a specified torque value, is transmitted through 
them and thus an overload condition takes place. 
[0266] Therefore, according to the system of the sixteenth 
embodiment, when, during a normal condition, drive shaft 74 

20 is driven by the electric motor in the normal - rotational 

direction or in the reverse-rotational direction, trochoid 
pump 7 0 and external gear pump 71 are both driven in the 
same rotational direction. Thus, hydraulic pressure can be 
selectively supplied to either one of hydraulic pressure 

25 chambers of the hydraulic power cylinder (not shown) always 
by rotary motions of the two pumps, thereby ensuring 
steering assist force application. 

[0267] Suppose that trochoid pump 70 becomes inoperative 
owing to an internal gear pump system failure and thus an 
3 0 excessive load greater than the specified torque value is 

added between drive shaft 74 and inner gear 70a. A slippage 
between the two moving parts, namely drive shaft 74 and 
inner gear 70a, is created by means of the first torque 
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limiter 88. In such a case, drive shaft 74 continuously 
drives the main gear, and therefore it is possible to apply 
a steering assist force by the normally-operating external 
gear pump 71 . 

5 [0268] Conversely suppose that external gear pump 71 becomes 
inoperative owing to an external gear pump system failure, 
and thus an overload condition occurs. A slippage between 
the two moving parts, namely drive shaft 74 and main gear 
71a, is created by means of the second torque limiter 89. 

10 In such a case, it is possible to apply a steering assist 
force by the normal ly- operating trochoid pump 70. 
[0269] On the contrary, suppose that first and second 
hydraulic pressure supply mechanisms 8 and 11 have been 
failed. In such a case, main gar 71a as well as the inner 

15 gear tend to slip with respect to drive shaft 74, and as a 
result there is no hydraulic pressure supply from first and 
second hydraulic pressure supply mechanisms 8 and 11. 
[0270] Under these conditions, when an increase in steering 
load occurs, there is an increased tendency for a steering 

20 torque sensor (not shown) to detect a great steering torque 
that cannot be detected under the normal condition. As soon 
as the processor of control unit 14 determines that the 
torque sensor signal value exceeds a predetermined torque 
threshold value, control unit 14 operates to open the fail- 

25 safe valve, thus ensuring manual steering. 

[0271] Hereinafter explained is the other technical concept 
(technical features) carried out by the previously-described 
embodiments, except the inventive concept as defined by 
claims . 

30 [0272] (1) A power steering system as set forth in claim 3, 
wherein a torque limiter is provided between the reversible 
pump and the electric motor. 
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[0273] (2) A power steering system as set forth in claim 3, 
wherein an electromagnetic clutch is provided between the 
reversible pump and the electric motor, for uncoupling the 
reversible pump from the electric motor via the 
5 electromagnetic clutch, when the failure detection means 

determines that the first hydraulic pressure supply means is 
failed. 

[0274] (3) A power steering system as set forth in claim 10, 
wherein the second fluid pressure supply means comprises a 
10 hydraulic pressure source except the reversible pump. 

[0275] (4) A power steering system as set forth in claim 1, 
wherein the reversible pump comprises a trochoid pump. 

[0276] (5) A power steering system as set forth in claim 2, 
wherein the second hydraulic pressure supply means comprises 
15 a reversible pump that relatively supplies working fluid to 
hydraulic pressure chambers of the hydraulic power cylinder 
via the third and fourth fluid passages. 

[0277] (6) A power steering system as set forth in claim 4, 
wherein the second hydraulic pressure supply means comprises 
20 a unidirectional pump and a fluid-passage directional 
control valve. 

[0278] (7) A power steering system as set forth in claim 10, 
wherein a discharge (discharge amount) of the reversible pump 
of the second hydraulic pressure supply means is set to be 

25 different from a discharge (discharge amount) of the 

reversible pump of the first hydraulic pressure supply means. 
[0279] (8) A power steering system as set forth in claim 1, 
which further comprises third and fourth fluid passages, 
which are provided to supply hydraulic pressure from the 

30 second hydraulic pressure supply means to the hydraulic 
pressure chambers of the hydraulic power cylinder, and 
wherein the third and fourth fluid passages are connected 
respectively to the first and second fluid passages upstream 
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of the hydraulic power cylinder, and line lengths and line 
diameters of the first through fourth fluid passages are set 
so that a pulsation of hydraulic pressure produced by the 
first hydraulic pressure supply means and a pulsation of 
5 hydraulic pressure produced by the second hydraulic pressure 
supply means are attenuated. 

[0280] (9) A power steering system as set forth in claim 1, 
which further comprises third and fourth fluid passages that 
supply hydraulic pressure from the second hydraulic pressure 

10 supply means to the hydraulic pressure chambers of the 

hydraulic power cylinder, and wherein the third and fourth 
fluid passages are connected respectively to the first and 
second fluid passages upstream of the hydraulic power 
cylinder, and a discharge timing of working fluid discharged 

15 from the first hydraulic pressure supply means and a 

discharge timing of working fluid discharged from the second 
hydraulic pressure supply means are set so that a pulsation 
of hydraulic pressure produced by the first hydraulic 
pressure supply means and a pulsation of hydraulic pressure 

20 produced by the second hydraulic pressure supply means 
cancel out each other. 

[0281] (10) A power steering system as set forth in claim 1, 
wherein the second hydraulic pressure supply means is 
arranged in parallel with the first hydraulic pressure 

25 supply means through the first through fourth fluid passages. 
[0282] (11) A power steering system as set forth in claim 1, 
wherein the second hydraulic pressure supply means is 
arranged in series to the first hydraulic pressure supply 
means through the first through fourth fluid passages. 

30 [0283] (12) A power steering system as set forth in claim 1, 
wherein the first hydraulic pressure supply means has a 
working- fluid discharge characteristic substantially 
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identical to a working- fluid discharge characteristic of the 
second hydraulic pressure supply means. 

[0284] (13) A power steering system as set forth in claim 12, 
which further comprises a directional control valve disposed 
5 in either one of the first and second fluid passages, and a 
forcible pressure-accumulation means provided for forcibly 
accumulating hydraulic fluid pressure in the accumulator by 
driving the reversible pump and by shifting the directional 
control valve to a valve closed state, at an initial stage 

10 of power steering system control. 

[0285] (14) A power steering system as set forth in claim 13, 
which further comprises a pump- failure detection means that 
detects a failure in the reversible pump simultaneously when 
forcibly accumulating hydraulic fluid pressure in the 

15 accumulator by the forcible pressure-accumulation means. 



